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DEFINITIONS. 

Art.  1 .  Astronomy  is  that  branch  of  natural  philosophy  which  treats  of 
the  heavenly  bodies.  The  determination  of  their  magnitudes,  distances  and 
the  orbits  which  they  describe,  is  called  plane  or  pure  Astronomy ;  and  the  in- 
vestigation of  the  causes  of  their  motions  is  called  physical  Astronomy.  TTie 
former  is  determined  from  observations  on  their  apparent  magnitudes  and  mo- 
tions ;  and  the  latter  from  analogy,  by  applying  those  principles  and  laws  of 
motion  by  which  bodies  on  and  near  the  earth  are  governed,  to  the  other  bodies 
in  the  system.  The  principles  of  plane  Astronomy  come  first  in  order  to  be 
treated  of  j  and  in  this,  we  shall  begin  with  the  explanation  of  such  terms  as 
are  the  fundamental  principles  of  the  science. 

2.  A  great  circle  of  a  sphere  is  that  whose  plane  passes  through  its  center ; 
and  a  small  circle  is  that  whose  plane  does  not  pass  through  its  center. 

3.  A  diameter  of  a  sphere  perpendicular  to  any  great  circle,  is  called  the 
axis  of  that  circle  ;  and  the  extremities  of  the  diameter  are  called  its  Poles. 

4.  Hence,  the  pole  of  a  great  circle  is  90**  from  every  point  of  it  upon  the 
surface  of  the  sphere  ;  but  as  the  axis  is  perpendicular  to  the  circle  when  it  is 
perpendicular  to  any  two  radii,  a  point  on  the  surface  of  a  sphere  90"  distant 
from  any  two  points  of  a  great  circle  will  be  the  pole. 

5.  All  angular  distances  on  the  surface  of  a  sphere,  to  an  eye  at  the  center, 
are  measured  by  the  arcs  of  great  circles ;  for  they  being  arcs  to  equal  radii, 
will  be  as  the  angles. 
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6.  Hence,  all  triangles  formed  upon  the  surface  of  a  sphere,  for  the  solutiori 
of  spherical  problems,  must  be  formed  by  the  arcs  of  g?*eat  circles. 

7.  All  great  circles  must  bisect  each  other ;  for  passing  through  the  center 
of  the  sphere  their  common  section  must  be  a  diameter,  which  bisects  all  cir- 
cles. 

8.  Secondaries  to  a  great  circle  are  great  circles  which  pass  through  its  poles. 

9.  Hence,  secondaries  must  be  perpendicular  to  their  great  circle ;  for  if 
one  line  be  perpendicular  to  a  plane,  any  plane  passing  through  that  line  will 
also  be  perpendicular  to  it ;  therefore  as  the  axis  of  the  great  circle  is  perpen- 
dicular  to  it,  and  is  the  common  diameter  to  all  the  secondaries,  they  must  all 
be  perpendicular  to  the  great  circle.  Hence  also,  every  secondary,  bisecting 
its  great  circle  (7)*,  must  bisect  every  small  circle  parallel  to  it ;  for  the  plane 
of  tlie  secondary  passes  through,  not  only  the  center  of  the  great  circle,  but 
also  of  the  small  circles  parallel  to  it. 

10.  Hence,  a  great  circle  passing  through  the  poles  of  two  great  circles, 
must  be  perpendicular  to  each  ;  and,  vice  versa,  a  great  circle  perpendicular 
to  two  other  great  circles  must  pass  through  their  poles. 

11.  If  an  eye  be  in  the  plane  of  a  circle  it  appears  a  straight  line  ;  hence  in 
the  representation  of  the  surface  of  a  sphere  upon  a  plane,  those  circles  whose 
planes  pass  through  the  eye  are  represented  by  straight  lines. 

12.  The  angle  formed  by  the  circumferences  of  two  great  circles  on  the  sur- 
face  of  a  sphere,  is  equal  to  the  angle  formed  by  the  planes  of  those  circles ; 
and  is  measured  by  the  arc  of  a  great  circle  intercepted  betw:een  tliem,  described 
about  the  intersection  of  the  circles  as  a  pole. 

riG.  .  For  let  C  be  the  center  o£*  the  sphere,  PQE,  PRE  two  great  circles ;  then 
^'  te  the  circumferences  of  these  circles  at  P  are  perpendicular  to  the  common 
intersection  PCEj  the  angle  at  P  between  them  is  equal  to  the  angle  between 
the  planes,  by  Euc.  B.  Xh  Def.  6.  Now  draw  CQ,  CR  perpendicular  to  PCJE; 
then  the  ai^le  OCR  is  also  the  angle  between  the  planes,  and  therefore  equal 
to  the  angle  at  P  formed  by  the  two  circles  }  and  the  angle  QCR  is  measured 
by  the  arc  QR  of  a  great  circle,  which  arc  has  (4)  for  its  pole  the  point  P,  be- 
cause PQ,  PR  are  each  90^ 

13.  If  at  tlie  intersection  of  two  great  circles  as  a  pole,  a  great  circle  be 
described,  and  also  a  small  circle  parallel  to  it,  the  arcs  of  the  great  and  small 
circles,  intercepted  between  the  two  great  circles  contain  the  same  number  of 
degrees. 

For  draw  AB^  AD  perpendicular  to  PC-E,  then  as  AB^  AD  are  parallel  to 
CQj  CR,  the  plane  BAD  is  parallel  to  the  plane  QCR,  and  therefore  the  small 
circjie  BD  of  which  A  is  the  center,  is  parallel  to  the  great  circle  Q/?,  and  as 

*  Fit!  u res  iivclu'letl  tUujs  in  a  Parenthesis  refer  to  the  article?. 
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each  angle  BAD^  QOR^  measures  the  inclination  el*  the  frfanes,  they  must  be 
equal,  and  consequently  the  arcs  jBZ),  QR  contain  the  same  number  of  degrees. 
Hence,  the  arc  of  such  a  small  circle  measures  the  angle  at  the  pc^  between 
the  two  great  circles.  Also  QR  :  BD ::  QC :  BA  ::  radius  :  cot.  BQ.  Hence 
QR  is  the  greatest  distance  between  the  two  circles. 

1 4.  The  Aa:is  of  the  earth  is  that  diameter  about  which  it  performs  its  diuF- 
nal  motion ;  and  the  extremities  of  this  diameter  are  called  its  poles. 

15.  The  terrestrial  Equator  is  a  great  circle  of  the  earth  perpendicular  to  its 
axis.  Hence,  the  axis  and  poles  of  the  earth  are  the  axis  and  poles  of  its  equa- 
tor. That  half  of  the  earth  which  lies  on  the  side  of  the  equator  which  we  in- 
habit is  called  the  northern  Hemisphere^  and  the  other  the  southern ;  and  the 
p<des  are  respectively  called  the  north  and  south  poles. 

1 6.  The  Latitude  of  a  place  on  the  earth's  surface  is  its  angular  distance  from 
the  equator,  measured  upon  a  secondary  to  it.  These  secondaries  to  the  equa- 
tor are  called  Meridiam. 

17.  The  Longitude  of  a  place  on  the  earth's  surface  is  an  arc  of  the  equator 
intercepted  between  the  meridian  passing  through  the  place,  and  another, 
called  the  first  meridian,  passing  through  that  place  from  which  you  begin  to 
measure. 

1 8.  If  the  plane  of  the  terrestrial  equator  be  produced  to  the  sphere  of  the 
fixed  stars,  it  marks  out  a  circle  called  the  celestial  equator  ;  and  if  the  axis  of 
the  earth  be  produced  in  like  manner,  the  points  in  the  Heavens  to  which  it  is 
produced  are  called  poleSj  being  the  poles  of  the  celestial  equator.  The  star 
nearest  to  each  pole  is  called  the  pole  star. 

1 9.  Secondaries  to  the  celestial  equator  are  called  circles  of  Declination  ;  of 
these,  24  which  divide  the  equator  into  equal  parts,  each  containing  1  J*,  are 
called  Hour  circles. 

20.  Small  circles  parallel  ta  the  celestial  equator,  are  CT^L^di  parallels  of  De- 
clination. 

21.  The  sensible  hoijzon  is  that  circle  in  the  heavens  whose  plane  touches 
the  earth  at  the  spectator.  The  rational  horizon  is  a  great  circle  in  the  hea- 
vens, passing  through  the  earth's  center,  parallel  to  the  sensible  horizon. 

22.  Almacanter  is  a  small  circle  parallel  to  the  horizon. 

2S.  If  the  radius  of  the  earth  to  the  place  where  the  spectator  stands,  be  pro- 
duced both  ways  to  the  heavens,  that  point  vertical  to  him  is  called  the  Zeriithj 
and  the  opposite  point  the  Nadir.  Hence,  the  zenith  and  nadir  are  (3)  the 
poles  of  the  rational  horizon ;  for  the  radius  produced  being  perpendicular  to 
the  sensible,  must  also  be  perpendicular  to  the  rational  horizon. 

24.  Secondaries  to  the  horizon  are  called  vertical  circles,  because  they  are 
(9)  perpendicular  to  the  horizon ;  on  these  circles  therefore  the  altitude  of  an 
heavenly  body  is  measured. 
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25.  A  Secondary  common  to  the  celestial  equator  and  the  horizon  of  any 
place,  and  which  therefore  (10)  passes  through  the  poles  of  each,  is  the  celes- 
tial meridian  of  that  place.  Hence,  the  plane  of  the  celestial  meridian  of  any 
place  coincides  with  the  plane  of  the  terrestrial  meridian  of  the  same  place. 

26.  That  direction  which  passes  through  the  north  pole  is  called  northj  and 
the  opposite  direction  is  called  south.  Hence,  the  meridian  must  cut  the  ho- 
rizon in  the  north  and  south  points. 

27.  Hence,  the  meridian  of  any  place  divides  the  heavens  into  two  hemi- 
spheres  lying  to  the  east  and  west ;  that  lying  to  the  east  is  called  the  easte?^ 
hemisphere,  and  the  other  lying  to  the  west  is  called  the  western  hemisphere. 

28.  The  vertical  circle  which  cuts  tlie  meridian  of  any  place  at  right  angles, 
is  called  the  prime  vertical  j  and  tlie  points  where  it  cuts  the  horizon  are  called 
the  east  and  west  points.  Hence,  the  east  and  west  points  are  90°  distant  from 
th^  north  and  south.     These  four  are  called  the  cardinal  points. 

29.  Tlie  Azimuth  of  an  heavenly  body  is  its  distance  on  the  horizon,  when 
referred  to  it  by  a  secondary,  from  tlie  north  or  south  points.  The  Amplitude 
is  its  distance  from  the  east  or  west  points. 

SO.  The  Ecliptic  is  that  great  circle  in  the  heavens  which  the  sun  appears  to 
describe  in  the  course  of  a  year. 

31.  The  ecliptic  and  equator  being  great  circles  must  (7)  bisect  each  other, 
and  their  angle  of  inclination  is  called  tlie  obliquity  of  the  ecliptic  ;  also  the 
points  where  they  intersect  are  called  the  equinoctial  points.  The  times  when 
the  sun  comes  to  these  points  are  called  the  Equinoj:es. 

32.  The  ecliptic  is  divided  into  1 2  equal  parts,  called  Signs  ;  Aries  t  ,  T^au- 
rus  8, Gemini  n.  Cancer  ®,Leo  ^,  Virgo  iir.  Libra  ^^  Scorpio  ni,  Sagit- 
tarius 1 9  Capricornus  yf ,  Aquarius  ;ar ,  Pisces  x .  The  order  of  these  is  ac- 
cording to  the  motion  of  the  sun.  The  first  point  of  aries  coincides  with  one 
of  the  equinoctial  points,  and  the  first  point  of  libra  with  the  other.  The  first 
six  signs  are  called  northern^  lying  on  the  ?iorth  side  of  the  equator ;  and  the 
last  six  are  called  southern^  lying  on  the  souOi  side.     The  signs  >:P ,  xsr ,  x ,  r , 

b  ,  n  are  called  ascending^  the  sun  approaching  our  (or  the  north)  pole  whilst 
it  passes  through  tliem ;  and  «s,  a,  nHj  ^5  «ij  ^  a^e  called  descending ^  the 
sun  receding  from  our  pole  as  it  moves  through  them. 

S3.  The  motion  of  the  heavenly  bodies  which  is  according  to  the  order  of 
the  signs,  is  called  direct^  or  in  consequentia  ;  and  the  motion  in  the  contrary 
direction  is  called  retrograde^  or  in  antecedentia.  The  real  motion  of  all  the 
planets  is  according  to  the  order  of  the  signs,  but  their  apparent  motion  is  some- 
times in  an  opposite  direction. 

34.  The  Zodiac  is  a  space  extending  on  each  side  of  the  ecliptic,  within 
which  the  motion  of  all  the  planets  is  contained. 

35.  The  right  ascension  of  a  body  is  an  arc  of  the  equator  intercepted  be- 

3 


DEFINITIONS. 

tween  the  first  point  of  arics  and  a  declination  circle  passing  through  the  body, 
measured  according  to  the  order  of  tlie  signs. 

36.  Tlie  oblique  ascension  is  an  arc  of  the  equator  intercepted  between  the 
first  point  of  aries  and  that  point  of  the  equator  which  rises  with  anybody, 
measured  according  to  the  order  of  the  signs. 

37.  The  ascemional  difjcreiice  is  the  difference  between  the  right  and  oblique 
ascension. 

38.  The  Declhiation  of  a  body  is  its  angular  distance  from  the  equator,  mea* 
sured  upon  a  secondary  to  it  diawn  through  the  body. 

39.  Tlie  Longitude  of  a  star  is  an  arc  of  the  ecliptic  intercepted  between  the 
first  point  of  aries  and  a  secondary  to  the  ecliptic  passing  through  the  body, 
measured  according  to  the  order  of  the  signs.  If  the  body  be  in  our  system, 
and  seen  from  the^ww,  it  is  called  the  //^//ocen/r/c  longitude ;  but  if  seen  from  the 
earthy  it  is  called  the  geocentric  longitude;  the  body  in  each  case  being  referred 
perpendicularly  to  the  ecliptic  in  a  plane  passing  through  the  eye. 

40.  The  Latitude  of  a  star  is  its  angular  distance  from  the  ecliptic,  measured 
upon  a  secondary  to  it  drawn  through  the  body.  If  the  body  be  in  our  system, 
its  angular  distance  from  tlie  ecHptic  seen  from  the  em^th  is  called  the  geocentric 
latitude;  but  if  seen  from  the  sun  it  is  called  the  heliocentric  latitude. 

41.  Hence,  if  <rQ  be  the  equator,  tC  the  ecliptic,  <r  the  first  point  of  aries,     ^^* 
s  a  Star,  and  tlie  great  circles  ^r,  sn  be  diawn  perpendicular  to  t  C  and   y  Q; 
then  <rw  is  its  right  ascension,  sn  its  declination,  sr  its  latitude  and  tt  its  lon- 
gitude.    The  circle  sr  is  called  a  circle  of  latitude. 

42.  The  Tropics  are  two  parallels  of  declination  touching  the  ecliptic.  One, 
touching  it  at  the  beginning  of  cancer,  is  called  the  tropic  of  cancer;  and  the 
other  touching  it  at  the  beginning  of  Capricorn,  is  called  the  tropic  ofcapricom. 
The  two  points  where  the  tropics  touch  tlie  ecliptic  are  called  the  solstitial 
points. 

43.  Colures  are  two  secondaries  to  the  celestial  equator,  one  passing  through 
the  equinoctial  points,  called  the  equinoctial  colure;  and  the  other  passing 
through  the  solstitial  points,  called  the  solstitial  colure.  The  times  when  the 
sun  comes  to  tlie  solstitial  points  are  called  the  Solstices.  '' 

44.  The  Arctic  and  Antayxtic  circles  are  two  parallels  of  declination,  the  for- 
mer about  the  north  and  the  latter  about  the  south  pole,  the  distance  of  which 
from  the  two  poles  is  equal  to  the  distance  of  the  tropics  from  the  equator. 
These  are  also  called  polar  circles. 

45.  The  two  tropics  and  two  polar  circles,  when  referred  to  the  earth,  divide 
it  into  five  parts,  called  Zones  ;  the  two  parts  within  the  polar  circles  are  called 
the  frigid  zones;  the  two  parts  between  the  polar  circles  and  tropics  are  called 
the  temperate  zones;  and  the  part  between  the  tropics  is  called  the  torrid  zone. 

Small  circles  in  the  heavens  are  referred  to  the  earth,  or  the  contrary,  by  lines 
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riG.  drawn  to  the  earth's  center.  Thus,  the  small  circle  Aa:By^  in  the  heavenff,  is 
^^  referred  to  LvMw  on  the  earth.  Hence,  if  AxBy  be  the  tropic  or  the  polar 
circle  in  the  heavens,  Lx^Mw  will  be  the  tropic  or  polar  circle  on  the  earth. 
These  circles  therefore  retain  the  same  relative  situations,  that  is,  the  fbnner  is 
as  far  from  the  pole  in  the  heavens,  as  the  latter  is  from  the  pole  of  the  earth. 
Tlie  planes  of  these  corresponding  small  circles  do  not  coincide;  but  when  they 
become  great  circles,  then  the  planes  become  coincident. 

46.  A  body  is  in  Conjunctiim  with  tlie  sun,  when  it  has  the  same  longitude; 
in  Opposition^  when  the  difference  of  their  longitudes  is  180^;  and  in  Quadra- 
tureSy  when  the  difference  of  their  longitudes  is  90°.  The  conjunction  is  marked 
thus  6  J  the  opposition  thus  s  ,  and  quadratures  thus  a . 

47.  Syzygy  is  either  conjunction  or  opposition. 

48.  The  Elongation  of  a  body  is  its  angular  distance  from  the  sun  when  seen 
from  the  earth. 

49.  Tlie  diurnal  parallax  is  the  difference  between  the  apparent  places  of  the 
bodies  in  our  system  when  referred  to  the  fixed  stars,  if  seen  from  the  center 
and  surface  of  the  earth.  Tlie  annual  parallax  is  the  difference  between  the 
apparent  places  of  a  body  in  the  heavens,  when  seen  from  the  opposite  points 
of  the  eartli's  orbit. 

50.  The  Argument  is  a  term  used  to  denote  any  quantity  by  which  another  re- 
quired quantity  may  be  found.  For  example,  the  argument  of  that  part  of  the 
equation  of  time  which  arises  from  the  unequal  angular  motion  of  the  earth  in 
its  orbit  about  the  sun,  is  the  sun's  anomaly,  because  that  part  of  the  equation 
depends  entirely  upon  the  anomaly ;  and  the  latter  being  given,  the  former  is 
found  from  it.  Tlie  argument  of  a  star's  latitude  is  its  distance  from  its  node, 
because  upon  this  the  latitude  depends. 

51.  The  Nodes  are  the  points  where  tlie  orbits  of  the  primary  planets  cut  the 
ecliptic,,  and  where  the  orbits  of  the  secondaries  cut  the  orbits  of  their  prima- 
ries. That  node  is  called  ascending  where  the  planet  passes  from  the  south  to 
the  north  side  of  the  ecliptic,  and  the  other  is  called  the  descending  node.  The 
ascending  node  is  marked  thus  q,  ,  and  the  descending  node  thus  93 .  ITie 
line  which  joins  the  nodes  is  called  the  line  of  the  nodes. 

52.  If  a  perpendicular  be  drawn  from  a  planet  to  the  ecHptic,  the  angle 
at  the  sun  beti/veen  two  lines,  one  drawn  from  it  to  that  point  where  the  perpen- 
dicular falls,  and  another  to  the  earth,  is  called  the  angle  of  Commutation. 

53.  The  angle  of  Position  is  the  angle  at  an  heavenly  body  formed  by  two 
great  circles,  one  passing  through  tlie  pole  of  the  equator  and  the  other  through 
the  pole  of  the  ecliptic. 

54.  Apparent  noon  is  the  time  when  the  sun  comes  to  the  meridian. 

56.  True  or  mean  noon  is  12  o'clock,  by  a  clock  adjusted  to  go  24  hours  in 
a  mean  solar  day. 
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56.  The  Equation  of  2Vf?«e  is  the  interval  between  true  ami  apparent  time. 

57.  A  star  is  said  to  rise  or  set  cosmcally^  when  it  rises  or  sets  at  sun  rising ; 
and  when  it  rises  or  sets  at  3un  setting,  it  is  said  to  rise  or  set  achronically^ 

58.  A  star  rises  fwliacaUyy  when,  after  having  been  so  near  to  tlie  sun  as  not 
to  be  visible,  it  emerges  out  of  Uie  sun's  ray?  and  just  appears  in  the  morning; 
and  it  sets  heliacallj/j  when  the  sun  approaches  so  near  to  it,  that  it  is  about  to 
immerge  into  the  sun's  rays  and  become  invisible  in  the  evening. 

59.  Curtate  distance  of  a  planet  from  the  sun  or  earth,  is  the  distance  of  the 
sun  or  earth  from  that  point  of  the  ecliptic  where  a  perpendicular  to  it  passes 
through  the  planet. 

60.  Aphelion  is  that  point  in  the  orbit  of  a  planet  which  is  furthest  from  the 
sun. 

61.  Perihelion  is  that  point  in  the  orbit  of  a  planet  which  is  nearest  the  sun. 

62.  Apogee  is  that  point  of  the  earth's  orbit  which  is  fiirthest  from  the  sun, 
or  that,  point  of  the  moon's  orbit  which  is  furthest  from  the  earth. 

63.  Perigee  is  that  point  of  the  earth's  orbit  which  is  nearest  the  sun,  or  that 
point  of  the  moon's  orbit  which  is  nearest  the  earth. 

The  terms  aphelion  and  perihelion  arc  also  applied  to  the  earth's  orbit. 

64.  Apsis  of  an  orbit,  is  eidier  its  aphelion  or  perihelion,  apogee  or  perigee; 
and  the  line  which  joins  the  a])sides  is  called  the  line  of  the  apsides. 

65.  Anomaly  C  true  J  of  a  planet  is  its  angular  distance  at  any  time  from  its 
aphelion,  or  aipogec'—(^meanJ  is  its  angular  distance  from  the  same  point  at  the 
same  time  if  it  had  moved  uniformly  with  its  mean  angular  velocity. 

66.  Equation  of  the  center  is  the  difference  between  the  true  and  7nean  ano- 
maly; this  is  sometimes  called  the  prosthapheresis. 

67.  Nonagesimal  degree  of  tlie  ecliptic  is  that  point  which  is  highest  above 
the  horizon.. 

68.  The  mean  place  of  a  body  is  tlie  place  where  a  body,  not  moving  \n\\\. 
an  uniformly  angular  velocity  about  the  central  body,  xcould  have  been,  if  the 
angidar  velocity  had  been  uniform.  The  true  place  of  a  body  is  the  place  where 
the  body  actually  is  at  any  time. 

69.  Equations  are  corrections  which  are  apphed  to  the  mean  place  of  a  body 
in  order  to  get  its  true  place. 

70.  A  Digit  is  a  twelfth  part  of  the  diameter  of  the  sun  or  moon. 

71.  Those  bodies  which  revolve  about  the  sun  in  orbits  very  nearly  circular, 
are  called  Planet^^  or  primary  planets  for  the  sake  of  distinction;  and  those 
bodies  which  revolve  about  the  primary  planets  are  called  secondary  planets,  or 
satellites. 

72.  Those  bodies  which  revolve  about  the  sim  in  very  elliptic  orbits  are  called 
Comets.  The  sun,  planets  and  comets,  compreliend  all  the  bodies  in  what  is 
called  the  Solar  system. 
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73*  AH  the  other  heavenly  bodies  are  called  fixed  stars^  or  simply  Stars. 

14.  Constellation  is  a  parcel  of  stars  contained  within  some  assumed  figure, 
as  a  ram,  a  dragon,  an  Hercules,  8gc.  the  whole  heaven  is  thus  divided  into 
constellations.  A  division  of  this  kind  is  necessary,  in  order  to  direct  a  person 
to  any  part  of  the  heavens  which  we  want  to  point  out. 

Cfiaracters  used  fi^r  the  Sun^  Moon  and  Planets. 


©  The  Sun. 

i>  The  Moon, 

g  Mercury. 

?  Venus. 

©  The  Earth. 

i  Mars. 

f  Ceres. 


(  Pallas. 

f  Juno. 

k:  Vesta. 

%  Jupiter, 

h  Saturn. 

^  Georgian. 


Cliaracters  used  for  t/te  Days  qf  the  Week. 


0   Sunday. 
D    Monday. 
i    Tuesday, 
g    Wednesday. 


It   Thursday. 
8    Friday. 
h   Saturday. 


CHAP.  II. 

I 

ON  THE  DOCTRINE  OF  THE  SPHERE. 

Art  75.  A  SPECTATOR  upon  the  earth's  surface  conceives  himself  to  be 
placed  in  the  center  of  a  concave  sphere  in  which  all  th6  heavenly  bodies  are 
situated;  and  by  constantly  observing  them,  he  perceives  tiiat  by  far  the  greater 
number  never  change  their  relative  situations,  each  rising  and  setting  at  the 
same  interval  of  time  and  at  tlie  same  points  of  the  horizon,  and  are  therefore 
called  Jixed  stars;  but  that  a  few  others,  called  planets^  together  with  the  stm 
an  1  moorij  are  coiiitantly  changing  their  situations,  each  continually  rising  and 
setting  at  different  points  of  the  horizon  and  at  different  intervals  of  time. 
Now  tlie  determination  of  tl  le  times  of  the  rising  and  setting  of  all  the  hea- 
venly bodies;  the  finding  of  their  position  at  any  given  time  in  respect  to  the 
horizon  or  meridian,  or  the  time  from  tlieir  position;  the  causes  of  the  different 
lengths  of  days  and  nights,  and  the  changes  of  seasons;  the  principles  of  dial- 
ling, and  the  like,  constitute  the  doctrine  of  the  sphere.  And  as  the  apparent 
diurnal  motion  of  all  the  bodies  have  no  reference  to  any  particular  system  or 
disposition  of  the  planets,  but  may  be  solved,  either  by  supposing  them  actually 
to  perform  those  motions  every  day,  or  by  supposing  the  earth  to  revolve  about 
an  axis,  we  will  suppose  this  latter  to  be  the  case,  the  truth  of  which  will  after- 
wards appear. 

76.  Let  pepq  represent  the  earth,  O  its  center,  b  the  place  of  a  spectator,  ^^^* 
HZRN  the  sphere  of  the  fixed  stars;  and  although  the  fixed  stars  do  not  lie  in  ^^ 
the  concave  surface  of  a  sphere  of  which  tlie  center  of  the  earth  is  the  center, 
yet,  on  account  of  the  immense  distance  even  of  the  nearest  of  them,  their  re- 
lative situations  from  the  motion  of  the  earth,  and  consequently  the  place  of  a 
body  in  our  system  referred  to  them,  "vrill  not  be  affected  by  this  supposition* 
The  plane  a^  touching  the  earth  in  the  place  of  the  spectator  is  called  (21) 
the  sensible  horizon,  as  it  divides  the  visible  from  the  invisible  part  of  the  heavens; 
and  a  plane  HOR  parallel  to  abc^  passing  through  th6  center  of  the  earth,  is 
called  the  rational  horizon;  but  in  respect  to  the  sphere  of  the  fixed  stars,  these 
may  be  considered  as  coinciding,  the  angle  which  the  arc  Ha  subtends  at  the 
earth  becoming  then  insensible  from  the  immense  distance  of  the  fixed  stam* 
Now  if  we  suppose  the  earth  to  revolve  daily  about  an  axis,  all  the  heavenly 
bodies  must  successively  rise  and  set  in  that  time,  and  appear  to  de  :cribe  circles 
whose  planes  are  perpendicular  to  the  earth's  axis,  and  consequently  parallel  to 
each  oth(H*;  thus  all  the  stars  would  appear  to  revolve  daily  about  the  earth^s 
axis,  as  if  they  were  placed  in  the  concave  surface  of  a  sphere  having  the  earth  in 
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the  center.     Let  therefore  pp  be  that  diameter  of  the  earth  about  which  it  must 
^revolve  in  order  to  give  the  apparent  diurnal  motion  to  the  heavenly  bodies^ 
then  jp,  Pj  are  called  its  poles  •,  and  if  pp  be  produced  both  ways  to  P,  P'  in  the 
I  heavens,  these  points  are  called  (18)  the  poles  in  the  heaven,  and  the  star  near- 

est to  each  of  these  is  called  the  pole  star.  Now,  although  the  eartli,  from  its 
motion  in  its  orbit,  continually  changes  its  place,  yet  as  the  axis  always  conti- 
nues parallel  to  itself,  the  points  P,  P  will  not,  from  the  immense  distance  of 
the  fixed  stars,  be  sensibly  altered ;  we  may  therefore  suppose  these  to  be  fixed 
points*.  Produce  Ob  both  ways  to  Z  and  JV,  and  Z  is  the  zenith  and  N  the 
nadir  (23).  Draw  the  great  circle  PZHNRy  and  it  will  be  tlie  celestial  meri- 
dian (25),  the  plane  of  which  coincides  with  the  terrestrial  meridian  pbpl  passing 
through  the  place  of  die  spectator.  Let  eq  represent  a  great  circle  of  the  earth 
perpendicular  to  its  axis  j>p^  and  it  will  be  the  equator  (15),  and  if  the  plane  of 
this  circle  be  extended  to  the  heavens  it  marks  out  a  great  circle  EQ  called 
the  celestial  equator  (18).  Hence,  for  the  same  reason  that  we  may  consider  the 
points  P,  P  as  fixed,  we  may  consider  the  circle  EQ  as  fixed.  Now  as  the  la- 
titude of  a  place  on  the  earth's  surface  is  measured  by  tlic  degrees  of  the  arc 
be  (16),  it  may  be  measured  by  the  arc  ZE  ;  hence  as  the  equator,  zenith,  and 
poles  in  the  heaven,  correspond  to  the  equator,  place  of  the  spectator,  and  poles 
of  the  earth,  we  may  leave  out  the  consideration  of  the  earth  in  our  further  en- 
quiries upon  this  subject,  and  only  consider  tlie  equator,  zenith  and  poles  in 
rfie  heavens,  and  HR  the  horizon  to  the  spectator. 
FiG#  77.  Let  therefore  figure  the  fifth  represent  the  position  of  the  heavens  to  Z 

5.  the  zenith  of  a  spectator  in  north  latitude,  EQ  tiie  equator,  P,  P  its  poles, 
HOR  the  rational  horizon,  PZHPR  the  meridian,  and  draw  the  great  circle 
ZOiV"  perpendicular  to  ZPRH^  and  it  is  the  prime  vertical  (28);  R  will  be 
the  north  point  of  the  horizon  and  H  tlie  south  (26),  and  O  will  be  the  east 
or  west  points  (28)  according  as  this  figure  represents  the  eastern  or  western 
hemisphere.  Draw  also  a  great  circle  POF  perpendicular  to  the  meridian. 
Now  as  each  circle  HRy  EQ^  ZNj  PP'  is  perpendicular  to  the  meridian,  its 
pole  must  be  in  each  (8,  9),  therefore  their  common  intersection  O  is  the  pole 
of  the  meridian.  Draw  also  the  small  circles  wH^  mt^  ae^  Rvy  yx  parallel  to 
the  equator ;  and  as  the  great  circle  POP  bisects  EQ  in  O,  it  must  also  bisect 
the  small  circles  mt^  oe,  in  r  and  c;  for  as  £0  =  90%  therefore  (IS)  /r  and  ec 
each  =90%  and  as  Q0  =  90°,  mr  and  ac  each  =  90%  hence,  ac=ce^  and  mrc=irL 
78.  As  all  the  heavenly  bodies,  in  their  diurnal  motion,  describe  either  the 
equator,  or  small  circles  parallel  to  the  equator,  according  as  the  body  is  in  or 
out  of  the  equator,  if  we  conceive  this  figure  to  represent  the  eastern  hemi- 
sphere, Q£,  aCy  mty  may  represent  their  apparent  paths  from  tiie  meridian  under 

^  This  is  not  accurately  true,  the  earth's  axis  varying  a  little  from  its  paraUdlidni>  aa  will  be 
plained  in  the  proper  place. 


the  horizon  to  th€  meridian  above^  and  the  points  b^  O9  s  are  thje  points  of  the 
horizon  wiiere  they  rise.     And  as  4te^  QE^  mt^  are  bisected  in  c,  O,  r^  eb  nuist 
be  greater  than  ba^  QO  =  OE^  and  fo  less  than  sm.     Hence,  a  body  on  the  sarm 
side  of  the  equator  witli  the  spectator  will  be  longer  above  the  iiorizon  than  be* 
low,  because  eb  is  greater  than  ba ;  a  body  in  the  equator  will  be  as  long  above 
as  below,  because,  QO  =  OJE,  juid  a  body  on  the  contrary  side  will  he  longer 
below  than  above,  because  ms  is  greater  tJian  st.     The  bodies  describing  oe,  mt^ 
jise  at  h  and  s;  and  as  O  is  the  east  point  of  the  iborizon,  and  R  and  H  are  vthe 
north  and  south  points,  a  body  on  the  same  side  of  the  equator  with  the  specta- 
tor rises  between  the  east  and  the  nordi,  and  a  body  oa  the  contrary  side  rises 
Jbetween  the  east  and  the  south ;  and  a  body  in  the  equator  risics  in  the  east  at 
4).     Wlien  the  bodies  come  to  d  and  w,  they  are  in  the  prime  vertical,  or  in  the 
.east;  hence,  a  body  on  the  same  side  of  the  equator  with  the  spectator  comes  to 
"the  east  after  it  is  risen,  and  a  body,  on  the  co/i/rary  sfide,  b^ore  it  rises.     The 
-body  which  describes  the  circle  Rv^  or  any  circle  nearer  to  P,  never  sets ;  and 
«uch  circles  are  called  circles  o£ perpetual  apparition;  and  the  st£u:s  which  describe 
•them  are  called  circumpolar  stars.     The  body  which  describes  the  circle  ^J9j 
Just  becomes  visible  at  H^  and  tlien  it  instantly  descends  below  the  horizon; 
but  the  bodies  which  describe  the  circles  nearer  to  P  are  never  visible.     Such 
is  the  apparent  diurnal  motion  of  the  heavenly  bodies  when  the  spectator  is 
situated  any  where  between  the  equator  and  poles;  and  this  is  called  an  oblique 
.sphere,  because  all  the  bodies  rise  and  set  obliquely  to  the  horizon.     As  .this 
'%ure  may  also  represent  the  western  hemisphere,  the  same  circles  ea^  tm  will 
represent  the  motion  of  the  heavenly  bodies  as  they  descend  from  the  ^meri- 
dian  above  the  horizon  to  the  meridian  under.     Hence,  a  body  is  at  the  greatest 
altitude  above  the  horizon,  when  on  the  meridian,  and  at  equal  altitudes  when 
equidistant  on  each  side  from  it,  if  the  body  have  not -changed  its  declination. 
This  is  the  foundation  of  finding  the  time  of  passing  the  meridian,  firom  equal 
altitudes  of  a  body  on  each  side. 

79.  If  the  spectator  be  at  the  equator^  then  E  coincides  with  Z^  and  conse-     fi<^* 
^uently  EQ  with  ZN^  and  therefore  PP  with  HR.     Hence,  as  the  equator       6. 
EQ  is  perpendicular  to  the  horizon,  the  circles  ace^  mrt^  parallel  to  EQj  must 

also  be  perpendicular  to  it;  and  as  these  circles  are  always  bisected  by  PP^  tbey 
must  now  be  bisected  by  HR.  Hence,  all  the  heavenly  bodies  are  as  long 
above  the  horizon  as  below,  and  rise  and  set  at  right  angles  to  it,  on  which 
account  this  is  called  a  right  sphere. 

80.  If  the  spectator  be  at  the  pole^  tlien  P  coincides  with  Z,  and  conse-     ^^^v 
quently  PP'  with  ZN^  and  therefore  EQ  with  HR.     Hence,  the  circles  wi/,  ae^ 
parallel  to  the  equator,  are  also  parallel  to  the  horizon ;  therefore  as  a  body  in 

its  diurnal  motion  describes  a  circle  parallel  to  the  horizon,  those  fixed  bodies 
in  the  heavens  which  are  above  the  horizon  must  alway;s  continue  above,  and 
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those  which  are  below  must  always  continue  below.  Hence,  none  of  the  bodies 
by  their  diumal  motion  can  either  rise  or  set.  This  is  called  a  parallel  sphere, 
because  the  diumal  motion  of  all  the  bodies  is  parallel  to  the  horizon.  These 
apparent  diumal  motions  of  the  fixed  stars  remain  constant,  that  is,  each  always 
describes  the  same  parallel  of  declination. 

81.  The  ecliptic y  or  that  circle  in  the  heavens  which  the  sun  appears  to  de- 
scribe in  the  course  of  a  year,  does  not  coincide  with  the  equator,  for  during 
JIG.     that  time  it  is  found  to  be  only  twice  in  the  equator ;  let  therefore  COL  repre- 

5.  sent  the  ecliptic,  which  being  a  great  circle  must  cut  the  equator  into  two  equal 
parts  (7).  Hence,  as  this  apparent  motion  of  the  sun  is  nearly  uniform,  the 
sun  is  nearly  as  long  on  one  side  of  the  equator  as  on  the  other.  When  there- 
fore the  sun  is  at  q  on  the  same  side  of  the  equator  with  the  spectator,  describing 
the  parallel  of  declination  ae  by  its  diurnal  motion,  the  days  are  longer  than  the 
nights,  and  it  rises  at  b  from  the  east  towards  the  north ;  but  when  it  is  on  the 
contrury  side,  at  jp,  describing  m/,  the  days  are  shorter  than  the  nights,  and  it 
rises  at  5  from  the  east  towards  the  south,  the  spectator  being  on  the  north  side 
of  the  equator ;  but  when  the  sun  is  in  the  equator,  at  O,  describing  QJS,  the 
days  and  nights  are  equal,  and  it  rises  in  the  east  at  O*.  If  ae^  mt  be  equidistant 
from  EQ,^  then  will  be^ms  and  ab = st ;  hence,  when  the  sun  is  in  these  oppo- 
site parallels,  the  length  of  the  day  in  one  is  equal  to  the  length  of  the  night  in 
the  other ;  and  the  mean  length  of  a  day  at  every  place  is  1 2  hours.  Hence,  at 
everyplace,  the  iSun,  in  the  course  of  a  year,  is  half  a  year  above  the  horizon 

yj/;.     and  half  a  year  belowt.     When  the  spectator  is  at  the  equator,  /m,  ea  being 

6.  bisected  by  the  horizon,  the  sun  will  be  always  as  long  above  as  below  the  ho- 
rizon, and  consequently  the  days  and  nights  will  be  always  12  hours  long. 
There  will  however  be  some  variety  of  seasons,  as  the  sun  will  recede  23^  **  on 
each  side  from  the  spectator.  When  the  spectator  is  at  the  equator,  the  sun 
will  be  vertical  to  him  at  noon  when  it  is  in  the  equator.  And  when  the  spec- 
tator is  any  where  between  the  tropics,  the  sun  will  be  vertical  to  him  at  noon 
when  its  decUnation  is  equal  to  the  latitude  of  the  place,  and  of  the  same  kind, 

FIG.     that  is,  both  north,  or  both  south.     When  the  spectator  is  at  the  pole,  the  sun 

7.  9X  p  ov  q  is  carried  by  its  diumal  motion  parallel  to  the  horizon;  hence  it  nevCT 
sets  when  it  is  in  that  part  of  the  ecliptic  which  is  above  the  horizon,  nor  rises 

*  The  different  degrees  of  heat  in  summer  and  winter  do  not  altogether  arise  from  the  different 
lengths  of  times  which  the  >un  is  above  the  horizon,  but  from  the  different  altitudes  of  the  sun  above 
the  horizon  ;  the  higher  the  sun  is  above  the  horizon  the  greater  is  the  number  of  rays  which  fall  on 
any  given  space,  and  the  greater  also  is  the  force  of  the  rays.  From  all  these  circumstances  arise  the 
difterent  degrees  of  heat  in  summer  and  winter.  The  increase  of  heat  also  as  you  approach  the  equa- 
tor arises  from  the  two  latter  circumstances. 

t  This  is  not  accurately  true,  because  the  sun's  motion  in  the  ecliptic  is  not  quite  uniform,  on 
which  account  it  is  not  exactly  as  long  on  one  side  of  the  equator  as  on  the  other.  If  the  major  axi» 
of  thie  earth's  orbit  coincided  with  the  line  j<HDing  the  equinoctial  poititB,  the  times  would  be  equal. 
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when  in  that  part  which  is  below;  consequently  there  is  half  a  year  day  and  half 
a  year  night  Hence,  the  variety  of  seasons  arises  from  the  axis  of  the  earth 
not  being  perpendicular  to  the  plane  of  the  ecliptic,  for  if  it  were,  the  ecliptic 
and  equator  would  coincide,  and  the  sun  would  then  be  always  in  the  equator, 
and  consequently  it  would  never  change  its  position  in  respect  to  the  surface 
of  the  earth.  lfQR  =  EHzz23°.  28'  the  sun's  greatest  declination,  then  on  the 
longest  day  the  sun  would  describe  the  parallel  Rv,  which  just  touching  the  ho- 
rizon at  i?,  shews  that  the  sun  does  not  descend  on  that  day  below  the  horizon, 
and  therefore  that  day  is  24  hours  long.  But  when  the  sun  comes  to  its  great- 
est declination  on  the  other  side  of  JEQ,  it  describes  wJFfand  consequently  does 
not  ascend  above  the  horizon  for  24  hours,  and  therefore  that  night  is  24  hours 
long.  This  therefore  happens  when  EH^  the  complement  of  EZ  the  latitude 
(16)y  is  23''.  28',  or  in  latitude  66^  32'.  If  JEJFf,  the  complement  of  latitude, 
be  less  than  23°.  28',  the  sun  will  be  above  the  horizon  in  summer,  and  below 
in  winter,  for  more  than  24  hours,  and  the  longer  above  or  below  as  you  ap- 
proach the  pole,  where,  as  before  observed,  it  will  be  6  months  above  and  as 
long  below  the  horizon.  Tlie  orbits  of  all  the  planets,  and  of  the  moon,  are 
also  inclined  to  the  equator,  and  consequently  their  motions  amongst  the  fixed 
stars  must  be  in  circles  inclined  to  the  equator;  therefore  the  same  appearances 
vrill  take  place  in  each,  in  the  time  they  make  one  revolution  in  their  orbits. 
All  these  different  appearances  in  the  motion  of  the  moon  must  therefore  hap- 
pen every  month.  It  is  evident  also,  that  these  variations  must  be  greater  or 
less  as  the  orbits  are  more  or  less  inclined  to  the  equator;  hence  they  must  be 
greater  in  the  moon  than  in  the  sun*.  This  apparent  motion  of  the  sun,  and 
real  motion  of  the  moon  and  planets  amongst  the  fixed  stars,  is  from  west  to 
east,  and  therefore  contrary  to  their  appai*ent  diurnal  motion. 

82.  Hitherto  we  have  considered  the  motion  of  the  heavenly  bodies  in  the 
eastern  hemisphere;  but  if  this  figure  represent  the  western  hemisphere,  all 
the  reasoning  will  equally  apply;  hence,  the  bodies  will  be  just  as  long  in  de- 
scending from  the  meridian  to  the  horizon  as  in  ascending  from  the  horizon  to 
the  meridian,  the  paths  described  will  be  similar,  and  they  will  set  in  the  same 
situation  in  respect  to  the  west  point  of  the  horizon  as  they  rise  in  respect  to 
the  east ;  that  is,  if  a  body  rise  from  the  east  towards  the  north  or  south,  it  will 
set  at  the  same  distance  from  the  west  towards  the  north  or  south. 

83,  Having  thus  explained  all  the  apparent  diurnal  motions  of  the  heavenly 
bodies,  with  the  cause  of  the  variety  of  seasons,  we  shall  proceed  in  the  next 
place  to  shew  the  method  of  determining  the  positions  of  the  different  cir- 

*  On  account  of  the  continual  change  of  declination  of  the  sun,  moon,  and  planets,  their  appa- 
rent diurnal  motions  will  not  be  accurately  parallel  to  the  equator ;  in  such  therefore  whose  declina- 
tion alters  sen  -ibly  in  the  course  of  a  day,  and  in  cases  where  great  accuracy  is  required,  we  must, 
in  our  computations,  take  into  consideration  the  change  of  declination. 
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cles,  and  the  situation  of  the  bodies  in  respect  to  the  horizon,  meridian  or 
any  other  circles,  at  any  given  time,  and  to  find  the  time  from  their  posi- 
tion. 

84.  The  altitude  PR  of  the  pole  above  the  horizon  is  equal  to  the  latitude 
of  the  place.  For  the  arc  ZE  is  (16)  the  measure  of  the  latitude,  but  PEzz 
ZRj  each  being  =.  90°,  take  away  ZP  which  is  common  to  botli,  and  EZzz 

85.  The  latitude  of  a  place  may  be  found  by  observing  the  greatest  and  ieaat 
altitude  of  a  circumpolar  star,  and  then  applying  the  correction  for  refinactioii, 
and  half  the  sum  so  corrected  will  be  the  altitude  of  the  pole.     For  ifjfs  be  the 

circle  described  by  the  star,  then,  as  P^=Py,  PR^^  x  Ry-^-Rx.     The  lati- 

^^G-      tude  may  also  be  found  thus.     Let  eOth^  the  ecliptic,  then  when  the  Bun  comes 

to  e  its  declination  is  the  greatest,  and  eH  is  the  greatest  meridian  altitude; 

when  the  sun  comes  to  tbe  ecliptic  at  ^,  let  U  be  the  parallel  described  on  that 

day,  and  then  sH  is  the  least  meridian  altitude;  and  as  EezzESj  \  x  He-\-Hs 
=  HE  the  complement  of  the  latitude. 

86.  Half  the  difference  of  the  sun's  greatest  and  least  meridian  altitudes  is 
equal  to  the  inclination  of  the  ecliptic  to  the  equator.  For  half  He  —Hsy  or 
half  se^  is  equal  to  Ee  which  (12)  measures  the  angle  EOc^  the  inclination  of 

^  From  bence  arises  the  method  of  measuring  the  circumference  of  the  earth ;  for  if  a  man  travel 
upon  a  meridian  till  the  height  of  the  pole  has  altered  one  de^ue,  he  must  then  have  travelled  one 
degree;  hence  by  measuring  that  distance  and  multiplying^  it  by  360,  we  get  the  circumference  of 
the  earth.  This  was  undertaken  in  England  by  our  co' miry  man  Mr.  Norwood^  who  measured  the 
distance  between  London  and  York,  and  observed  the  difl^n  nt  altitudes  of  the  pole  at  thoc!;e  placet. 
Afterwards  the  French  mathematicians  measured  a  degree.  Cassini  measured  ooe  in  France.  After 
that,  Clairaut,  Macpertuis  and  several  other  mathematicians  went  to  Lapland  and  measured  a  de- 
gree, the  length  of  which  appears  to  be'69,2  English  miles  m  the  latitude  of  45^;  for  the  earth  being 
a  spheroid,  the  degrees  in  different  latitudes  are  ditlerent.  This  will  appear  when  we  treat  of  the 
figure  of  the  earth.  The  figure  of  the  earth  was  very  early  discovered  to  be  spherical ;  first,  from  the 
shadow  of  the  earth  upon  the  moon  when  it  is  eclipsed  being  always  circular;  and  secondly,  firom  the 
apparent  spherical  figure  of  the  sea,  and  from  observing  that  as  ships  receded  from  the  shore,  the 
hulks  first  became  invisible,  and  then  the  masts  gradually  from  the  bottom  to  the  top,  which  was  the 
last  part  that  disappeared;  and  this  could  not  happen  on  a  plane  surface.  Cleomedbs  mentions  that 
PossiDONius  made  use  of  a  method  similar  to  this  in  order  to  determine  the  magnitude  of  the  earth- 
He  observed  that  at  Alexandria  the  star  Canopus  passed  the  meridian  at  the  akitude  of  7^^,  and  at 
Rhodes,  lying  nearly  under  the  same  meridian,  it  passed  the  meridian  just  at  the  horizon.  The  dis- 
tance between  these  two  places  was  found  to  be  5000  stades,  which  multiplied  by  48  (7||°  being  the 
48'\  part  of  360°)  gives  240000  stades  for  the  whole  circumference.  It  is  uncertain  what  is  the  exact 
!l  length  of  the  stade  here  made  use  of;  it  also  appears  from  the  observations  of  CuAZELLEsthat  the  dis- 

tance of  tliese  two  places  is  not  7j;^  but  only  5^*;  no  conclusion  therefore  can  be  drawn  from  hence 
of  the  accuracy  of  this  measurement.  Eratosthenes  makes  the  distance  of  Syene  fiom  Alexandria 
(which  he  says  lie  under  the  same  meridian)  to  be  the  fiftieth  part  of  the  circumference  of  the  earth; 
and  he  aUo  makes  it  5000  stades ;  hence,  the  circumference  is  250000  stades.  But  as  we  do  not  know 
the  exact  length  of  the  stades,  we  cannot  say  how  accurate  this  is.     Cleomedis  Meteroa,  lib.  i.  eh.  18. 
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the  ecliptic  to  the  equator.  To  determine  these  altitudes  without  a  quadrant, 
a  gnomon  AB  has  been  erected  perpendicular  to  the  horizon  AC^  and  the  fig. 
length  of  the  shadow  AD  has  been  observed  on  the  longest  and  shortest  day,  ^* 
and  knowing  AB^  the  angle  BDA  is  known,  which  is  the  sun's  altitude. 
Sometimes  instead  of  erecting  a  gnomon,  a  small  hole  is  made  in  the  wall  or 
roof  of  a  building  for  the  sun  to  shine  through,  and  a  plumb  line  let  fall  from 
the  hole  to  the  floor,  the  length  of  which  is  measured,  and  which  answers  to 
a  gnomon  AB  ;  and  the  length  of  the  shadow  A  D  from  A  being  also  measured, 
(A  being  the  point  where  the  plumb  Une  meets  the  floor)  tlie  angle  BAC  be- 
comes known  as  before.  Dr.  Long  made  use  of  this  method  to  find  the  latitude 
of  Pembroke  Hall  in  this  University,  from  tlie  known  declination,  of  the  sun : 
He  made  the  latitude  52°.  12'.  55"  j  see  his  Astronomy,  page  513. 

87*  The  angle  which  the  equator  makes  witli  the  horizon,  or  the  altitude  pf 
that  point  of  the  equator  which  is  on  the  meridian,  is  equal  to  the  complement 
of  the  latitude.     For  ZH  is  90°,  and  therefore  EH  is  tlie  complement  of  EZ ;      fig. 
and  as  0JS=:0H=:90°,  EH  measures  (^12)  the  angle  EOH.  8. 

88.  Let  abcdjce  be  a  parallel  of  declination  described  by  any  heavenly  body 
in  the  eastern  hemisphere,  and  draw  the  circles  of  declination  Pbj  Pd^  Px^  and 
the  circles  of  altitude  Z6,  Zc,  Zx.  Now,  as  has  been  already  explained,  when 
the  body  comes  to  b  it  rises,  at  c  it  is  at  the  middle  point  between  a  and  e,  and 
at  d  it  is  due  east ;  and  let  a:  be  its  place  at  any  other  time.  Let  us  first  sup- 
pose this  body  to  be  the  sun,  and  not  to  change  its  declination  *  in  its  passage 
from  a  to  e,  and  let  us  suppose  a  clock  to  be  adjusted  to  go  24  hours  in  one 
apparent  diumai  rev(4ution  of  the  sun,  or  from  the  time  it  leaves  any  meridisua 
till  it  returns  to  it  again,  then  the  sun  will  always  approach  tlie  meridian 
which  it  has  left,  at  the  rate  of  15°  in  an  hour,  or  any  otlier  circle  of  de- 
clination ;  also,  the  angle  which  the  sun  describes  about  the  pole  will  be  at  the 
same  rate,  because  (13)  any  arc  xe^  which  the  sun  at  a:  has  to  describe  before 
it  comes  to  the  meridian,  measures  the  angle  xPe^  called  the  hour  angle.  If 
therefore  we  suppose  the  clock  to  show  12  when  the  sun  is  on  the  meridian  at 
a  or  e,  it  will  be  6  o'clock  when  it  is  at  c.  And  as  the  sun  describes  angles 
about  the  pole  P  at  the  rate  of  1 5°  in  an  hour,  the  angle  betweea  any  circJLe 
Px  of  declination  passing  through  the  sun  at  x  and  the  meridian  PjB,  coo- 
verted  into  time  at  the  rate  of  1 5"*  for  an  hour,  will  give  the  time  from  appa^ 
rent  noon,  or  when  the  sun  comes  to  the  meridian. 

89.  Given  the  sun's  declination  and  latitude  of  the  place,  to  find  the  time  of 

*  Knowing  the  longitude  and  time  nearly  at  any  place,  the  sun's  declination  may  be  found  at  that 
lime  by  first  taking  the  declination  for  noon  on  the  given  day  from  the  nautical  Almanac,  and  then  cor- 
recting It  for  the  difference  of  the  meridians  of  the  place  and  Greenwich,  and  for  the  hour  of  the  day, 
by  the  6**  of  the  Requisite  Tables,  These  tables  were  computed  to  &cilitate  the  computations  from 
the  nautical  Almanac,  and  were  published  by  the  Board  of  Lcmgitude. 
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its  rising,  and  azimuth  at  that  time.  The  sun  rises  at  b  ;  and  in  the  triangle 
bZPj  iZ=90%  6P= co-dec.  PZnco-lat.  Now  when  one  side  of  a  triangle 
=:l90%  it  may  be  solved  by  the  circular  parts*,  taking  the  angles  adjacent  to 
the  side  =  90**,  and  the  complement  of  the  otlier  three  parts  tor  the  circular 
parts.  Hence,  rad.  :  cot.  bP  ::  cot  ZP  :  cos.  ZPb^  or  rad.  :  tan.  dec..:  tan. 
lot.  :  COS.  ZPb  the  hour  angle  from  apparent  noon ;  which  converted  into*  time 
at  the  rate  of  15®  for  an  hour,  and  subtracted  from  12  o'clock,  gives  tlie  appa- 
rent time  of  rising.  Also,  sin.  ZP  :  rad.  ::  cos.  bP  :  sin.  PZb^  or,  cos.  lat.  : 
rad.  ::  sin.  dec.  :  cos.  of  the  azimuth  from  the  north. 

Ex.  Given  the  latitude  of  Cam-  (  Convert  this  into  time  (Tab.  1 .)  and 
bridge  52^  12'.  S5\  to  find  the  time  '  it  gives  8/r.  19'.  6'  which  subtracted 
of  the  sun*s  rising  on  the  longest  day,  from  12  gives  SA.  40'.  54"  for  the  time 
and  azimuth  at  that  time,  assuming  the  ;  when  the  sun's  center  is  upon  the  rati- 
greatest  declination  of  the  sun  23^  28'.    onal  horizon  on  the  longest  day.  Also, 


Rad. 10.0000000 

Tan.  23^  28'  .  -  -   9.6376106 
Tan.  52°.  12'.  35"   -  10. 11 04699 


Cos.  124^  2'.  47"t   -   9.7480805 


Cos.  52^  12'.  35"  -  0.21 27004  ^.C. 

Rad 10.0000000 

Sin.  23°.  28'.     -     -     9.G0^1181 


Cos.  49°.  28'.  9  ;  > 

„    n  ,,    r     9.8128185 

az.  from  north  ) 


Hence,  on  the  longest  day  the  sun  rises  40°.  31'.  51"  from  the  east. 

90.  To  find  the  sun's  altitude  at  6  o'clock.  The  sun  is  at  c  at  6  o'clock, 
arid  the  angle  ZPc  is  a  right  one ;  hence,  rad.  :  cos.  ZP  ::  cos.  Pc  :  cos.  Zc, 
or  rad.  :  sin.  lat.  ::  sin.  dec.  :  sin.  of  the  altitude. 

91.  To  find  the  time  when  the  sun  comes  to  d  the  prime  vertical,  and  its 
altitude  at  thattime.  In  this  case  the  angle  rfZP  =  90° ;  hence,  cos.  ZP  :  rad. 
::  COS.  dP  :  cos.  ZS,  or,  sin.  lat.  :  rad.  ::  sin.  dec.  :  sin.  of  tlie  altitude.  Also,  rad. 
:  cot.  Pd.  ::  tan.  PZ.  :  cos.  ZPd^  or,  rad. :  tan.  dec.  ::  cot.  lat.  :  cos.  ZPd^  which 
converted  into  time  gives  the  time  from  apparent  noon. 

92.  Given  the  latitude  of  the  place,  tlie  sun's  declination  and  altitude,  to 
find  its  azimuth  and  the  hour.  Let  a^  be  the  sun's  place ;  then  (  Trig.  Art.  238.) 
sin.  ^Px  sin.  ZP  :  rad.*::sin.  ^  x  Pa:  +  PZ+Zxxsin.  ^  x  Px  +  PZ-Zx  :  cosi 
i^ZP^ ;  hence^  ZPx  is  known,  which  converted  into  time  gives  the  time  from 
apparent  noon.     Also,  sin.  a:Z x  sin.  PZ  :  rad.* : :  sin.  ^  x  ZtTZPTPo;  x  sin. 

♦  See  my  Trigonometry,  Art  212.  and  it  is  this  Trigonometry  which  i«  referred  to  in  the  other  Parts 

f  this  Work. 

t  This  loj^.  9.7480805  it  found  in  the  tobies  to  be  the  log.  cosine  of  55^  57'.  13" ;  but  as  the  angle 
is  manifestly  erreater  than  90°,  we  must  take  its  supplement.  In  the  solution  of  spherical  triangles, 
ambiguoui(  cases  will  frequently  arise,  for  the  determination  of  which,  where  the  case  is  not  evident, 
the  reader  is  referred  to  Dr.  Maskeltnb's  very  valuable  Introduction  to  Tayj^or's  Logarithms. 
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ix  Zx^ZP-^Px  :  COS,  j^xZP'i  hence,  the  azimuth  xZP  from  the  north  is 
known. 

Ex.  Given  the  lat.  34^  55' N.  sun's  declination  22\  22'.  57'  N,  and  true  al- 
titude 36°.  59'.  39",  to  find  the  apparent  time.  Here,  ZP-SS"".  5',  Zx=i5S''. 
O.  21",  Pjr= 67^37'.  3";  hence, 

P^=67°.  37'.  S"  arith.  comp.  of  sine  0,034019 
ZP—55.     5.  O    arith.  comp.  of  sine  0,086193 
Zr=53.     O.  21 


Sum  175.  42.  24. 


^  Sum     87.  51.   12  sine 
Zr=53.     O.  21 


9.999694 


Dif.     34.  50.  51  sine 


9.756932 


1? 


2)19.876838 

9.938419  the  cosine  of 
29^  47'.  44'  half  the  angle  ZPx^  .-.  ZPx=:59\  35'.  28",  which  reduced  into 
time  gives  3h.  58'.  22"  the  time  from  apparent  noon. 

93.  If  the  error  in  altitude  be  given,  we  may  thus  find  the  error  in  time. 
Let  mn  be  parallel  to  the  horizon,  and  nx  represent  the  error  in  altitude  ;  then 
as  the  calculation  of  the  time  is  made  upon  supposition  that  there  is  no  error 
in  the  declination,  we  must  suppose  the  body  to  be  at  m  instead  of  x,  and  con- 
sequently  the  angle  mPx^  or  the  arc  yr,  measures  the  error  in  time. 

Now  nx  :  xm::  sin.  mnx  :  rad. 

xm  :  qrwcos.  rx     :  rad.  (13). 

rad  * 
hence,  nx  :  qr\ :  sin.  nmx  x  cos.  rx  :  rad.* .•.  qr:^nxx  -^ • .  ;     but 

sm.  nnix  x  cos.  rx 
ZxP = nmx  J  nxm  being  the  complement  of  both  ;  also  sin.  ZxP^  or  nmx  :  sin. 
ZP ::  sin.  xZP  :  sin.  xP^  or  cos.  rxy .%  sin.  nmx  x  cos.  r^=  sin.  ZP  x  sin.  xZP  / 

rad  *  rad  * 

hence,  qr  =  ru  x  sin.ZP x'sm.sZP.=^ ^ co6.  lat.  x  sin.  azi/  H^^^^'  '^'« 
error  is  least  on  the  prime  vertical.  All  altitudes  therefore  to  deduce  the  time 
from,  ought  to  be  taken  on,  or  as  near  to,  the  prime  vertical  as  possible.     In 

1  * 

lat.  52^.  12',  if  the  error  in  alt.  at  an  azi.  44°.  22'  be  1',  then  qr=:l'  x  -^t-t: — 7:77;; 

^  , 612  X, 699 

;=  2,334  of  a  degree=9",336  in  time. 

Hence,  the  perpendicular  ascent  of  a  body  is  quickest  when  it  ia  on  the 
prime  vertical,  "for  nx  varies  as  sin.  azi.  when  qr  and  the  lat.  are  given. 

94.  Given  the  latitude  of  the  place  and  the  sun's  declination,  to  find  the 

VOL.   I.  D 
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time  when  twilight  begins.  TwiHght  is  here  supposed  to  begin  when  the  sun 
is  18°  below  the  horizon  ;  hence  draw  the  circle  hyk  parallel  to  the  horizon  and 
18°  below  it,  and  twilight  will  begin  when  the  sun  comes  to  y,  and  Z^=108°  j 
hence,  sin.  yP  x  sin.  ZP  :  rad.* ::  sin.  ^  x  PZ'\'Pj/+  108°  x  sin.  J  xPZ+Py^ 
108°  ;  cos.  ^yPZ\  hence  ^PZ  is  known,  which  converted  into  time  gives  tlie- 
time  from  apparent  noon. 

95.  To  find  the  time  when  the  apparent  diurnal  motion  of  a  fixed  star  is 

no.      perpendicular  to  the  horizon.     Let  yx  be  the  parallel  described  by  the  star ; 

'5*        draw  the  vertical  circle  Zh  touching  it  at  o,  and  when  the  star  conies  to  o  its 

motion  is  perpendicular  to  the  horizon  ;  and  as  the  angle  ZoP  is  a  right  one, 

we  have,  {Trig.  Art.  212.)  rad.    :  tan.  oP\:  cot.  PZ  :  cos.  ZPoy  that  is,  rad.  : 

cot.  dec.:: tan.  lat.  :  cos.  ZPoj  which  converted  into  time  (Tab.  1.)  gives  the 

time  from  the  star's  being  on  the  meridian.     Hence,  the  time  of  the  star's 

coming  to  the  meridian  being  found  by  Art.  105.  the  time  required  will  be 

known. 

TIG.  96.  To  find  the  time  of  the  shortest  twilight.     Let  ab  be  the  parallel  of  the 

1^»      sun's  declination  at  the  time  required,  draw  cd  indefinitely  nedr  and  parallel  to 

it,  and  TfVs,  parallel  to  the  horizon  18°  below  it;  then  vPw,  sPt  measure  the 

twilight  on  each  parallel  of  declination,  and  when  the  twiliglit  is  shortest,  the 

increment  of  the  h6*ur  angle  being=0,  these  must  be  equal ;  hence,  vPr=iXcPzy 

therefore  vr='wz ;  and  as  rs=tZy  and  the  angles  r  and  z  are  right  ones,  rvs=z 

zwt ;  but  Pvr=r90P=:ZvSy  take  Zvr  from  both,  and  PvZ:=:rvs;  for  the  same 

reason  PwZ=:slwt ;  hence,  PvZzzPwZ.    Take  tY?=a?Z=:90°,  then   as  Pv= 

PWy  and  the  angle  PweirPwZ,  therefore  Pe^=PZi  let  fall  the  perpendicular 

COS.  l^v 

Py  and  it  will  bisect  the  base  eZ.     Then  (Trig.  Art  212.)  cos.  Pj/=— -—-= 

cos.  Pv     -  _^       cos.  Pe    COS.  PZ   ,  cos.'  Pv    cos.  PZ 

—' ;  also*  cos.  Pv= = — ■ ;  hence,  -3 = ,  -.•.   cos* 

5in.   ey^        *  ^     cos.  ey     cos.    ey^  '  sin.    ey     cos.    ey^ 

_.  __    sin.  ey  _  _  ,  _ 

Pvy  or  sin.  //v,=cos.  PZx  _cos.  PZx  tan.  ey,  hence,  rad.  :  cos.  PZ^ 

cos.  ^y 

'  or  sin.  lat.::  tan.  ey=9°  :  sin.  kv  the  sun's  declination  at  thef  time  of  shortest 

twilight.     Because  PZ  is  always  less  than  90°,  and  ^=9°,  therefore  ry  is  aU 

w^ays  less  than  90°,  and  therefore  its  cosine  is  positive  ;  also,  vy  is  always  greater 

than  90°,  therefore  its  cosine  is  n^ative ;  hence,  cos.  Fv  (=cos.  Py  x  cos.  vy) 

is  negative,  consequently  Fv  is  greater  than  90°,  therefore  the  sun's  declination 

is  south.     This  is  M.  Cagnoli's  Investigation. 

97.  To  find  the  length  of  the  shortest  twilight.     As  fiPZ=vFej  therefore 

ZPezztPw  measuring  the  shortest  time.     Now  sin.  PZ,  or  cos.  lat.  :  rad.:: 

sin.  Zy  =  9°  :  sin  ZPy,  which  doubled  gives  ZPe  or  rPtt^,  which  converted  intOr 

time  gives  the  length  of  the  shortest  twilight. 
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Ex.  To  find  tlie  time  of  the  year  at  Cambridge,  when  the  twilight  is  short- 
est ;  and  the  length  of  that  twiUght. 

Rad. 10,0000000 

Sin.  52°.  12'.  35" 9,8977695 

Tan.  9° 9,1997125 

Sin.  7°.  1 1'.  25"  dec -       9,0974820 

t 

TTiis  decHnation  of  the  sun  gives  tlie  time  about  March  2,  and  October  1 1. 

Cos.  52^  12'.  35" 0,2127004  ^.C. 

Sin.  9°        .     .     - 9,1943S24 

Rad 10,0000000 

Sin.  14°.  47'.  27"      .........       9,4070328 


f 


The  double  of  this  gives  29®.  34'.  54",  which  converted  into  time  gives  I//. 
58'.  20"  for  the  di^ration  of  the  shortest  twilight,  it  being  supposed  to  end  when 
the  sun  is  18°  below  the  horizon. 

98.  To  find  the  sun's  declination  v/hen  it  is  just  twilight  all  night.     Here  the 

sun  at  a  must  be  18°  below  the  horizon  ;  hence,  18°  + dec.  QazzHQzzEII^  fig. 
comp.  of  lat.  of  place,  and  the  sun*s  dec.  =:comp.  lat.— ia°i  look  therefore  ^* 
into  the  Nautical  Almatiac^  and  see  on  what  days  the  sun  has  this  declination, 
and  you  have  the  time  required.  The  sun*s  greatest  declination  being  23°.  28', 
it  follows,  that  if  the  complement  of  latitude  be  greater  than  41°.  28',  or  if  the 
latitude  be  less  than  48°.  32',  there  can  never  be  twilight  all  nighti  If  the  sun 
be  on  the  otiier  side  of  the  equator,  then  its  dec.  =  J8°.  — comp.  lat. 

99.  If  the  spectator  be  between  E  and  X,  and  the  sun*s  declination  Ee  be     fig. 
greater  than  EZ^  then  the  sun  comes  to  the  meridian  at  e  to  the  north  of  its       ^^• 
zenith  ;  and  if  we  draw  the  secondary  Zqm  touching  the  parallel  ae  of  decHna- 
tion described  by  the  sun,  then  Rm  is  the  greatest  azimuth  from  tlie  north 
which  the  sun  has  that  day,  the  azimuth  increasing  till  the  sun  comes  to  ^,  and 

then  decreasing  again,  and  the  sun  has  the  same  azimuth  twice  in  the  morn- 
ing. If  therefore  we  draw  the  straight  line  Zv  perpendicular  to  the  horizon, 
the  shadow  of  this  line,  being  always  opposite  to  the  sun,  would  first  recede 
from  the  soutli  point  H  and  then  approach  it  again  in  the  morning,  and  there- 
fore would  go  backwards  upon  the  horizon.  But  if  we  consider  PJ^'  as  a 
straight  line,  or  the  earth's  axis  produced,  the  shadow  of  that  line  would  not 
go  backwards  upon  that  plane,  because  the  sun  always  continues  to  revolve 
about  that  line,  and  therefore  its  shadow  must  always  go  forwards ;  whereas 
the  sun  does  not  revolve  about  tlie  perpendicular  Zv.     Hence  it  appears,  that 
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the  shadow  of  the  sun  upon  a  dial  can  never  go  backwards,  because  the  gnomon 
of  a  dial  is  parallel  to  PP^  and  therefore  the  sun  must  always  revolve  about 
the  gnomon.     The  time  when  the  azimuth  is  greatest  is  found  from  the  right 
angled  triangle  PqZ^  by  saying,  rad.  :  tan.  qP : :  cot.  PZ  :  cos.  ZPq^  or  rad.  : 
cot.  dec. ::  tan.  lat*  :  cos.  PZq  the  hour  angle  from  apparent  noon. 

100.  It  has  hitherto  been  supposed,  that  it  is  12  o*clock  when  the  sun  comes 
to  the  meridian,  and  that  the  dock  goes  just  24  hours  in  the  interval  of  the 
sun*s  passage  from  any  meridian  till  it  returns  to  it  again.  But  if  a  clock  be 
thus  adjusted  for  one  day,  it  will  not  continue  to  show  12  o^clock  every  day 
when  the  sun  comes  to  the  meridian,  because  the  intervals  of  time  from  the 
sun*s  leaving  any  meridian  till  it  returns  to  it  again^  are  not  always  equal ;  this 
difference  between  the  sun  and  the  clock  is  called  the  Equation  of  Time^  as 

FIG.      will  be  explained  in  Chap.  IV.     Hence,  when  the  clock  does  not  agree  with 
S*       the  sun,  any  arc  Jce  is  not  tlic  measure  of  the  time  from  12  o*clock,  but  fi'om 
the  time  when  the  sun  comes  to  tlie  meridian,  or  from  apparent  noon*. 

101.  In  the  same  manner  as  we  find  the  hour  angle  for  the  sun,  we  may  also 
find  it  for  any  fixed  star  or  planet,  its  altitude  and  declination  being  given ; 
but  when  the  hour  angle  is  thus  found,  it  is  necessary  to  know  the  time  when 
the  body  is  upon  the  meridian  in  order  to  find  the  time  from  thence,  the  hour 
angle  being  the  distance  from  the  meridian  ;  also  the  method  of  reducing  the 

FIG.  hour  angle  into  time  vdU  be  different.  For  let  E  be  the  earth,  rms?i  the  equa- 
12.  tor,  sr  a  meridian  passing  through  a  fixed  star  S  reduced  to  the  equator  ;  then 
as  the  meridian  returns  to  the  star  in  23//.  56'.  4"  after  leaving  it  (127),  we 
have  360°  :  hour  angle : :  23A.  5&.  4" :  time  from  tlie  meridian.  Now  let  P  he 
a  planet,  and  the  meridian  mn  to  pass  through  it ;  then  the  meridian  vail  re* 
turn  to  that  position  again  in  23A.  56'.  4" ;  now  let  Pv  or  Pv'  be  the  planet's 
motion  in  right  ascension  in  one  day,  according  as  its  motion  is  direct  or  re- 
trograde, and  reduce  this  into  time  (/)  at  the  rate  of  15®  for  an  hour,  wliich 
will  be  sufficiently  exact  for  so  small  an  arc,  then  the  meridian  returns  to  the 
planet  again  afler  an  interval  of  23A.  56'.  4!*±t;  hence,  the  meridian,  after 
leaving  the  planet,  approaches  it  at  the  rate  of  tliat  time  for  360°,  because 
when  the  meridian  leaves  the  planet  it  is  then  approaching  a  point  3G0°  from: 
it ;  hence,  360°  :  hour  angle::  23//.  56'.  4"±/  :  time  from  the  meridian. 

*  The  conversion  of  the  hour  angle  into  time  for  tlie  sun  at  the  rate  of  15°  for  an  hour,  by  a  clock 
;ulju^tid  to  mean  solar  time,  is  not  accurate,  because  the  solar  days  are  not  all  accurately  equal  to  24 
hour^,  but  to  24A.d:the  variation  (c)  of  the  equation  of  time  for  that  day,  accordin^^  as  the  equation 
is  increasing  or  decreasing  ;  hence,  to  reduce  the  hour  an^le  to  give  accurately  the  time  from  ai>par^ 


a^ 


ent  noon,  sny,  3(30^ :  hour  angle  (a°)  ::  24A.  ±:  c  :  timeziTTTjp  X  24/*.  ±  e ;  for,  in  this  case,  the  meri- 
dian, instead  of  returning  to  the  sun  in  24A.  returns  to  it  in  24//.^  e.  This  quantity  e  is  somctimes< 
30",  and  thtrefore  if  a°zz6(f,  the  correction  would  be  5".  A  clock  is  adjusted  to  irufui  <o!ar  time,, 
uhi  Q  it  i^  adjusted  to  go  24  hour^  in  a  mean  solar  day.     Sec  Art.  127.. 
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102.  The  hour  angle  which  we  have  hitherto  found  for  the  time  at  which  a 
body  rises,  has  been  upon  supposition  that  the  body  is  upon  the  rational  horizon 
at  the  instant  it  appears ;  but  all  bodies  in  the  horizon  are  elevated  by  refrac- 
tion S3'  above  their  true  places  ;  this  therefore  would  make  them  appear  when 
they  are  33'  below  the  rational  horizon,  or  90°  -f  3S'  from  the  zenith  j  also,  all 
the  bodies  in  our  system  are  depressed  below  their  true  places  by  parallax,  as 
will  be  afterwards  explained,  therefore  from  this  cause  they  would  not  appear 
till  tliey  were  elevated  above  the  rational  horizon  by  a  quantity  equal  to  their  ho- 
rizontal parallax,  or  when  distant  from  the  zenith  90°— hor.  par.  Hence,  from  fig^ 
both  causes  together,  a  body  becomes  visible  when  its  distance  ZV  from  the  ^  ^•• 
zenith  =  90°  -h  33'  —  hor.  par.  V  being  the  place  of  the  body  when  it  becomes 
visible,  Z  the  zenitli  and  P  the  pole  ;  hence,  knowing  ZVj  also  ZP  the  com- 
plement of  latitude  and  P  V  the  complement  of  declination,  we  can  find  the 

hour  angle  ZPV.     A  fixed  star  has  no  parallax,  therefore  ZF=90°.  33'. 

103.  If  tlie  body  sensibly  alter  its  decKnation  in  a  few  hours,  as  the  moon 
does,  the  time  of  its  rising  may  be  tluis  foimd*     Let  zv  be  the  place  of  the      fig.. 
moon  on  the  meridian,  v  when  in  the  horizon,  and  d  the  point  when  it  becomes      ^^ 
visible  j  draw  ade  parallel  to  JEQ,  and  ew  is  the  cliange  of  declination  in  the 

time  from  rising  to  the  meridian.  Now  from  knowing  the  time  (105)  of  pass- 
ing the  meridian,  and  the  declination  at  noon,  with  the  change  of  declination 
in  the  interval  of  the  passages  of  the  moon  over  the  meridian  by  the  Nautical 
Almanac,  compute  the  change  of  declination  in  the  interval  between  noon 
and  the  time  of  the  moon's  transit,  and  you  will  get  the  moon's  declination  at 
the  time  of  its  transit.  To  that  declination  compute  the  hour  angle  upon  sup- 
position that  the  declination  continued  the  same  as  on  the  meridian,  which  will 
be  nearly  the  angle  rcPd.  From  the  Nautical  Almanac  find  the  change  (v)  of 
declination  in  the  interval  (/)  of  time  from  the  moon's  passage  over  the  meri- 
dian till  it  returns  to  it  again  j  then  say,  360°  :  hour  angle ::v  :  the  change  of 
declination  in  describing  that  angle,  which  added  to  or  subtracted  from  the  de-r 
clinadon  at  the  time  of  passing  the  meridian  gives  very  nearly  the  declination, 
at  rising ;  to  which  compute  the  hour  angle  and  convert  it  into  time  as  before 
and  subtract  it  fi'om  the  time  of  passing  the  meridian,  and  it  gives  very  nearly 
the  time  of  rising ;  and  if  greater  accuracy  should  be  required,  the  operation, 
may  be  repeated  by  taking  this  hour  angle. 

Ex.  To  find  at  what  time  the  moon  rose  at  Greenwich  on  July  1,  1767. 
The  latitude  of  Greenwich  is  51°.  28'.  40",  and  (105)  the  moon  passed  the  me- 
ridian at  4h.  2'.  9';  now  t=:24h.  40',  and  r  =  5°.  28';  hence,  24A.  40'  :  4//.  2'. 
9"::  5°.  28'  :  53'.  38"  the  change  of  declination  in  4k.  2'.  9",  which,  as  the  de- 
clination is  decreasing,  subtracted  from  5°.  22',  the  moon's  north  declinatioa 
at  noon,  leaves  4°,  28'.  22"  for  the  moon's  declination  when  it  was  on  the  me- 
ridian;  hence  we  take  M=:85°.  ST.  38",  also  PZ=38°.  31'.  20";  and  as  tlie 
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moon's  hor.  parallax  :^  54f'.  21",  and  refraction  33',  we  have  Zdzz  89^.  38'.  89'^, 
hence  the  angle  ZPdzzdS"".  S'.  50".  Hence,  360°  :  95^  3'.  50"::  5°.  28'  ;  1^ 
26'.  37"  the  change  of  declination  in  the  time  of  de;5cribing  95^.  3';  50",  which 
added  to  4"^.  28'.  22"  gives  5°.  54'.  59"  for  the  declination  at  the  time  of  rising, 
very  nearly;  hence,  Prf=84''.  5".  1",  therefore  the  angle  ZjPrf=96°.  54.'  2"; 
licnce,  360°  :  96°.  54'.  2"::24A.  40'  :  6h.  38'.  22"  the  time  of  describing  the 
angle  ZPdy  which  subtracted  from  4//.  2'.  9",  the  time  when  the  moon  was  on 
the  meridian,  gives  the  time  of  rising  21  A.  23'.  47",  answering  to  9//.  23'.  47'^ 
in  the  morning  apparent  time. 

104.  In  determining  the  time  when  any  body  rises,  or.  when  it  is  at  any  known 
altitude  or  position,  it  has  been  supi>osed  that  we  know  the  time  at  which  it 
comes  to  the  meridian ;  the  determination  of  this  circumstance  must  therefore 
be  next  explained. 

105.  Let  a  clock  be  adjusted  to  mean  solar  time,  which  we  uny  therefore 
consider  as  the  time  from  the  sun*s  leaving  thp  meridian  till  it  returns  to  it 
again,  where  great  accuracy  is  not  required,  tiie  diftercnce  being  only  the  vari- 
ation of  the  equation  of  time  in  24  hours.  Let  S  and  P  be  tiie  places  of  the 
sim  and  a  planet  reduced  to  the  equator ;  then  the  meridian  sr  approaches  the 
sun  at  the  rate  of  15°  in  an  hour;  for  when  it  leaves  the  sun  at  S  it  may  be 
considered  as  approaching  a  point  at  that  time  360°  from  it,  and  wliich  it  comes 

FIG.  up  to  in  24  hours;  hence  if  any  other  point  were  moving  forwards  with  the  ve- 
12.  locity  of  the  sun,  the  meridian  would  approach  it  at  the  same  rate.  Therefore 
if  the  planet  at  P  move  forwards  with  a  different  velocity  from  that  of  die  sun, 
the  interval  of  their  passages  over  any  meridian  will  be  the  same  as  if  we  sup- 
posed  the  sun  to  be  at  rest  and  the  planet  to  move  with  its  own  proper  motion 
minus  that  of  the  sun,  the  planet's  motion  in  right  ascension  being  greater 
than  tiiat  of  the  sun.  Let  j:  be  the  difference  of  their  motions  in  right  ascen- 
sion in  24  hours  reduced  into  time,  and  tzzSP  reduced  also  into  time  in  like 
•  manner,  the  planet  being  at  P  at  the  time  the  meridian  passes  through  the  sun 
at  S;  and  let  v  be  the  place  of  tiie  planet  when  the  meridian  overtakes  it, 
and  e  be  the  arc  Pv  in  time;  then  the  motions  of  the  meridian  will  be  24  and 
t-f  e,  and  of  the  planet  in  the  same  times  a:  and  e;  hence,  as  we  may  consider 

At 
each  motion  as  uniform,  24  :  x::  t+e  :  e^  .-•24  —  07 :  a:::  t :  ezz L.     This  is 

24  —  0^ 
the  case  if  the  planet's  motion  be  greater  than  the  sun's,  but  if  the  sun's  be 
greater,  then  x  itself  becomes  negative,   and  therefore— a?  will  be  positive; 

hence  e=-^^I — ;  therefore  /  +  e  =  /± = the  time   from  apparent 

24  +  0?  24  TO?     24=pa:  ^^ 

noon  when  the  planet  passes  the  meridian,  where  the  upper  or  lower  sign 

pre\ails  according  as  the  planet's  or  sun's  motion  is  greatest.     If  the  motion 

of  the  planet  in  right  ascension  be  retrograde,  it  is  manifest  that  x  is  tho 
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mm  of  the  motions  of  the  planet  and  sun  in  24  hours,  for  the  bodies  moving 
in  opposite  directions  they  approach  each  other  with  the  sum  of  their  motions  j 
let  therefore  v'  be  the  place  of  the  planet  when  it  comes  to  the  meridian, 
then  the  motion  of  the  meridian  from  its  passage  through  the  sun  to  the 
planet-  will   be   t—e;    hence  24  :  .r::  /— e  :  e,   tlierefore    24-f-a: :  a:::  /  :  e=: 

;   hence,  the  time  required  =  / — —  = But  as   the  division 


24f^J^  24  +  0?     24  +  ^ 

by  24:+:^   is  not  so   convenient  as  it  would  be   by   24,  therefore   resolve 

into  t  ±  —  +  —  ±Scc.  where  the  two  first  terms  will  be  suflBcient  for  all 

24q:jr  24      24'      ^ 

cases  except  the  moon,  where  it  will  be  necessary  to  take  the  third.     For  a  fixed 
star,  .r  will  represent  the  increase  of  tlie  sun*s  right  ascension  in  24  hours,  and  the 

time  required    = =  /-.  — •     By  this  method  we  find,  very  nearly,  the 

24  4-  ^  24 

time  at  which  any  body  comes  to  the  meridian,  and  hence,  by  the  last  ar- 
ticles, we  may  find  the  time  of  its  rising,  or  the  time  at  any  given  altitude. 

Ex.  To  find  the  time  of  tlie  moon's  passage  over  the  meridian  at  Green- 
wich on  July  1,  1767.      The  sun*s  AR.*  when  on  the  meridian  that  day 
was   6h.  40'.  25",  and  its  daily  increase  4'.  48";  also,  the   moon's  AR.  was 
lOh.  3&.  8",  and  its  daily  increase  42'.  28*.     Hence,  t=z  lOA^.  36'.  8"-  6A.  40'.  25' 
=  3//.  55'.,  43"  =  3,9285  (Tab.  3.),   also,  0^  =  42'.  28" -4' 48"  =  37'.  40"  =  0,6277  > 

hence,,if=6'.  10";      —  =  10";    therefore   t  +  —  +  —^-4Ju  2'.  3"     the  appa. 
'24  24*  24     24*  ^^ 

rent  time  of  passing  the  meridian. 

Where  great  accuracy  of  time  is  required  from  an  observed  altitude,  the 
body  made  use  of  must  be  the  sun  or  a  fixed  star.  The  method  of  finding  the 
time  by  the  sun  has  been  already  explained  (92);  and  the  time  by  a  star  may 
be  found  by  the  following  method. 

106.  Find  the  star's  true  altitude,  and  take  its  declination  from  the  7th  of 
the  Requisite  Tables,  or  from  any  other  tables  if  it  be  not  there;  then  in  the  ^^^* 
triangle  ZPa;  (a?  representing  the  place  pf  the  star)  we  have  ZP  the  comple- 
ment of  latitude.  Pa:  the  complement  of  declination  and  Zr  the  complement 
of  the  star's  altitude,  to  find  the  angle  ZPa:^  the  star's  distance  from  the 
meridian,  which  convert  into  time.  Now  the  point  of  the  equator  which  is 
upon  the  meridian  at  any  time,  is  called  the  mid-heaven ;.  therefore  the  angle  ZPx 
measures  the  star's  distance  from  the  mid-heaven.  Hence,  if  the  star  be  to 
the  east  of  the  meridian,  subtract  its  distance  from  the  meridian  from  its  AR. 
(adding,  if  necessary,  24  hours  to  its  AR.)  and  the  difference  is  the  AR.. 
of  the  mid-heaven :  But  if  the  star  be  to  the  uest^  add  them  together  (sub- 

*  AR.  means  right  asceiwioiL, 


S. 
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tracting  24  hoiirs  from  the  sum,  if  greater,)  and  the  sum  gives  the  AR.  of  the 
mid-heaven*.  Then  find  the  sun's  AR  at  the  preceding  noon  at  Greenwich 
from  the  Nautical  Almanac,  and  from  thence  at  noon  at  the  given  place  by 
the  23d  of  the  Requisite  Tables,  and  subtract  it  from  the  AR.  of  the  mid- 
heaVen  (adding  24  hours  to  the  lattert,  if  necessary),  and  the  difference  would 
be  the  apparent  time  from  the  preceding  noon,  or  the  estimate  time,  if  the 
sun  had  had  no  motion  in  that  time;  but  as  it  has  moved,  find  that  mo- 
tion by  the  23d  of  the  Requisite  Tables,  and  subtract  it,  and  it  gives  the 
apparent  time  required, — Hence,  if  we  apply  the  equation  of  time  it  gives  the 
true  time,  which  compared  with  the  watch,  shows  how  much  it  is  too  fast  or 
too  slow;  and  by  repeating  the  observations,  the  rate  of  going  of  the  watch 
may  be  determined;  but  tliis  will  be  fiirther  explained  in  Chap,  IV. 

Ex.  On  April  14^  1780,  lat  48''.  56\  N.  Ion.  66°.  W.  the  true  altitude 
of  Ahlebnran  west  of  the  meridian  was  22°.  17'.  50';  to  find  the  apparent 
time. 

Sun*s  AR.  for  noon  at  Greenwich  by  the  Nautical  Almanac        Ih.  31',  1^' 
Corrected  for  the  Long,  by  the  23d  of  the  Requisite  Tables  t  +41 

Sun's  AR.  at  noon  at  tlie  given  place 1.31.42    . 

Also  by  Requisite  Table  7.  the  star's  d(BC.  is  16°.  3'  N.  Hence  ZP=:4l\ 
4',  Zr= 67°.  42'.  10",  ^P  =  73°.  57';  hence  by  sph.  trig. 

PcT  =  73°.  57'.  0"  arith.  comp.  of  sine  0-017304 
ZP  =  41  .  4.  O  arith.  comp.  of  sine  0.182476 
Zr   =   67  .  42  .  10 

Sum  =  182  .  43.  10 


FIQ  *  That  tliis  is  true  for  every  position  of  the  point  arics  and  place  of  the  star,  may  be  thutf 

I  c  shown.  I-.et  E2  represent  the  equator,  E  the  point  on  the  meridian,  «r,  <y*',  v",  diflcrent  positions 
of  the  point  aries,  in  respect  to  the  place  A,  A  of  the  8tar  referred  to  the  equator,  A  on  the  western 
side  of  the  meridian,  and  A  on  the  eastern;  B  the  point  to  which  the  sun  is  referred;  ^EBQ  the 
direction  in  which  the  right  ascension  is  measured.  Now  suppose  t}ie  star  at  A,  to  the  east  of  the 
meridian;  then,  1.  ^A—AEzttE.  2.  r''-^— -^'-B=:— v"£=:— 24A.+ v"  SE,  .-.  V^+24^._ 
A'Ezzff^iiE,  Now  suppose  the  star  at  A,  on  the  west  side;  then  1.  ^A'\'AEzz<tE.  2.  nr'5Ji4-f 
.<1E— 34A.=:v'^-4+i4v'+r'-E— 24A.=r'-B,  because  €^'AQA+A^'zz2ih. 

t  For,!.  cy^'-BfiE— r"B=E2B.    2.  TE+2U,—TBzirE+EAB+E^B-^<rBzzE2B,  be- 
cause tf^Ei-EABzzTB. 

X  The  daily  variation  of  the  sun^s  AR,  with  which  you  enter  the  Requisite  Tables,  is  taken  from 
the  Nauiical  Almanac. 
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2tf 


^  Slim  r:    91  .  21  .35  sine 
Zr  =    67  .  42  .  10 


-     -    9.999874 


Dif.   =  23  .  39  .  25  sine 9.603425 


2)19.803079 


9.901539  the  cosine  of 
37^.  8'.  29";  hence  the  angle  ctPZ  (or  in  fig.  15.  the  arc  AE)  =74^  16'.  58% 
or  in  time  ==  4A.  57'.  8";  hence. 


Star  west  of  merid.      -      4A.  57'.     8" 
Star's^jR.byReq.Tab.7.  4  .  23.  20 


JR.  of  mid-heaven 
Sun's  AR.  at  noon 


9  .  20.  28 
1  .  31.  42 


Estimate  Time       -    -    7A.  48'.     46*? 
Correc.  from  Req.  Tab.  23.  —   1 .     12 


Apparent  Time  required    7.  47.     34 


107.  The  time  of  the  passage  of  a  star  over  the  meridian  may  be  found  (78) 
from  taking  the  times  at  which  it  had  equal  altitudes  on  each  side  of  the  meri. 
dian,  and  bisecting  the  interval.  If  equal  altitudes  be  taken  at  8  and  1 1  o'clock, 
the  star  was  upon  the  meridian  at  half  past  9  o'clock.  But  for  the  sun  this  will 
want  a  correction,  owing  to  its  change  of  declination,  on  which  account  it 
is  not  at  equal  altitudes  when  equidistant  from  the  meridian.  If  ^  be  the  di- 
urnal arc  described  by  the  sun  in  its  ascent  to  the  meridian,  and  ed  in  its  de-. 
scent  from  it,  and  mn  be  drawn  parallel  to  HOR^  then  the  sun  is  at  equal  alti- 
tudes  at  m  and  w,  and  the  angle  wP/i,  or  the  arc  qr,  measures  the  difference  of 
the  times  aim  and  nfrom  the  meridian;  when  we  therefore  bisect  the  interval 
of  the  times  at  which  the  sun  was  at  m  and  /i,  we  must  correct  it  by  half  mPn, 
or  half  qvj  in  order  to  get  the  time  at  which  it  comes  to  the  meridian.  This  cor- 
rection is  called  the  equatio?i  of  equal  altitudes.  Now  (Trig.  Art.  264.)  if  d'  =:. 
the  variation  of  the  sun's  dec.  in  the  interval  of  the  observations,  ^=.tan.  lat. 
r = tan.  decl.  at  noon,  ^=sine,  r  ==  tan.  of  the  hour  angle  from  noon  at  the  time  of 
the  observation,  taking  the  half  interval  of  times  for  the  measure  of  that  angle ; 

then  ^yrnj^rf"  X  -±^  radius  being  unity;  or  as  the  value  of  d"  in  time  is  -^ 

s     r  15; 

seconds,  estimated  at  the  rate  of  15°  for  1  hour,  or  15'  for  1  second  of  time^ 

therefore  the  correction  =  —  x  f  ±!!  seconds  of  time,  where  the  sign  -  is  to  be 

30     ;5    r  :  ' 

used  when  the  lat.  and  decl.  are  both  north  or  both  south,  and  +  when  one 

is  north  and  the  other  south.     Now  in  north  latitude,  when  the  sun  approaches 

the  north  pole,  or  is  in  the  9th.  10th.  11th.  0th.  1st.  2nd.  signs,  it  is  nianifesr 

VOL.  I.  K 


FIG. 
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from  the  fig[ite\ihsLt  the  sun,  after  passing  the  meridian ,  will  not  come  to  the 
same  altitude  as  at  the  obser\'ation  before,  until  it  be  at  a  peater  distance 
from  die  meridian;  therefore  the  middle  point  of  time- between  the  observa- 
tions  must  be^  wlien  the  sun  has  passed  the  meridiftn,  andtlie  correction  must 
be  subtracted.  When  the,  sun  is  in  the  other  signs,  receding  from  the  north 
pole,  it  comes  to  the  same  altitude  at  a  less  distance  from  the  meridian ;  there*^ 
fiure  the  middle  point  of  time  must  be,  before  the  sun  comes  to  the  meridian^ 
and  cense^^iently  the  correction  must  be  added.  Te  facilitate  tlxis  computation^ 
Mr.  Wales  constructed  and  computed  a  set  of  tables  which  were  pubUshed  in 
the  Nautical  Almanac  for  177Sj  these  tables  are  called  Eqiuition  to  correspond* 
ing  altitudes 

To  find  the  Time  the  Sun  is  passing  Hw  Meridiany  or  the  horizontal  orperpendi- 

ctdar  Wire  of  a  'Tekscope. 

TIG.  108.  Let  nut  be  the  diameter  d'  of  the  sun,  estimated  in  seconds  o^  a  great 

^  circle ;  then,  (as  the  minutes  in  mx^  considered  as  a  small  circle,  must  be 
greater  in  proportion  as  the  radius  is  less^  because,  when  the  arc  is  given^  the 
luigle  IB  inversely  as  the  radius),  sin.  P.T,  or  cos^  dec.  ra:  :  rad. ::  seconds  d'  in 
2n«r  of  a  great  ciaele  :  the  seconds  in  m^  of  the  small  circle  ea^  which  is  equal 
to  (IS)  Ae  seconds  in  j^r = the  angle  r/^^^  and  therefore  tlie  angle  rPgzzd' 
divided'  by  cw;  dec  (nwL  being  unify)  =s  rf"  x  sec  dec,  which  measures  the 
time  tile  suii  is  passing  over  its  diameter,  and  consequently  the  time  tlie  dia« 
meter  would  be  in  parsing  over  tbe  meridian ;  hence  j(as  in  Art.  107)>  the  time 

of  passing  the  meridian  ==ffLl!£^L^ 

Hence  ^,  the  sun's  diameter  in  right  ascension,  is  equal  to  d"  x  sec.  dec. 

If  themfore  the  son's  diameter  =  32' s  1920%  and  its  dec  2(f ,  its  diameter  in 

right  ascensions:  1920'  x  1,064=34',  2%86.     The  same  will  do  for  the  moou^ 

j£id'sxi  ts  cKainetbr. 

rad.  * 

lOQ.  By  Art,  93.  AT = wo:  X  — i-r : ^(}^  njc^d  the  sun^s   diam.O 

^  ^  COS.  latk  X  sin.  azi.     ^  -^ 

(Tx  = -~. r-;  hence,  as  before,  the  time  of  describins;  or.  or  the 

COS.  lat.  X  sui.  azi. '  ®  ^  '  ; 

time  in  which  the  sun  ascends  perpendicularly  through  a  space  equal  to  its  dia- 

rf*  rad  * 

ineter,  or  the  time  of  passing  an  horizontal  wire,  is  equal  to—,,  x  — .     ■  '  .      ^. 

1  o      cos.  laL.  X  sin.  azi* 

The  same  expression  must  also  give  the  time  which  the  sun  is  in  rising; 
lthF»lM(fi  tW  hooMmtfll  ]«frftCti<Hh  then  fit'ldinded  by  L5"=IS2";  hence, 

wfisactlon  accelerates  tHe  rising  of  the  sun  by  is^"  x  goa^  Hat,  x  sm.  azx. 


m 

1 10.  The  Mi.  nccm  :  sia.  nms^::  mm  :  nxi=:fm  x  ^^^^ilHHf .  hence  C93\  tir^ 

wwix  ., X zzmnx  -. ;  and  if  mnzzd.  we 

sin.  firm    sin.  nmx  x  cos.  nr  sin.  7iam  x  cos.  ro;* 

find  the  time,  in  which  the  horizontal  motion  of  the  sun  is  equal  to  its  diameter, 

to  be  — -  X ., /^  '        ■!  "  ,  which  is  therefore  the  time  in  wliich  the  sun 

1 S     cos.  ZrP  X  COS.  dec 

would  pass  the  vertical  wire  of  a  telescc^pe* 

Dr.  Ma»elyke's  Rules  to  find  the  Time  qfthe  Passage  &f  a  Star  or  Flanetjrcm 

one  Wire  to  anoHier  ef  a  transit  Instrument. 

111.  For  zJUoed  Star.     Multiply  the  equatorial  interval  of  time  by  the  secant 
of  the  star's  declination,  and  you  have  the  time  required.     For  an  arc  of  the 
equator,  measured  on  a  small  circle  parallel  to  it,  subtends  a  greater  aogle 
i^oat  the  earth's  axis,  in  the  proportion  of  rad.  :  cor.  dec.  or  sec.  dec.  : 
radius. 

For  the  Sun.  Increaae  the  equatorial  time  of  a  star  by  the  S6Sth  part  (owing 
to  the  sun's  motion  in  that  time)  and  you  have  the  equatorial  time  by  the  sim  y 
then  proceed  as  for  a  star. 

For  a  PUmetj  except  the  moon«    Take  the  diflerence  (rf)  of  23/^.  56',  and 
the  interval  of  two  successive  transits  ctf  the  planet  over  the  meridian,  as  given, 
in  the  Nautical  AliAanac;  then  say,  247i.  :  J::  the  time  of  the  passage  of  a  star- 
having  the  same  declination  :  a  fourth  number,  wliich  added  to  or  su^tractad^ 
from  the  time  of  the  passage  of  a  star,  according  as  the  interval  of  ihe  two 
successive  transits  is  more  or  less  than  23'«  5&*^  gives  the  time  of  the  planet^s 

passage. 

For  the  Moon.  Put  72= the  equatorial  interval  by  a  star,  r:^:  daily  retard- 
ation of  the  moon's  passage  over  the  meridian  in  minutes;;  then  allowing  for 

the  noon's  motion,  26A.  56  :  1 440'  -f-  r : :  n  x  — ^ — l.  ih%  timein th^  eqiiatorfrom^ 

wire  to  wire,  seen  from  the  earth's  center.     Now  the  time  of  the  image  from  wire' 
to  wire,  hccsteris paribus ^  as  the  angle  subtended  by  the  interval  of  the  wires  at 
the  object  glass,  or  as  its  vertical  angle,  or  the  angle  described  by  the  moon,  about 
the  supposed  place  of  observation^  but  the  velocity  of  the  moon  and  the  angle- 
described  being  given,  the  arc,  and  therefore  the  time,  is  as  the  distance  f. 

bence,  the  time  seen  Jfrom  the  center  of  the  earibh  (n  x  — .    tf )  :  time  at  the 

spectator::  €  's  dist  from  center  :  d  's  dist.  from  spectator::  sin.  ap.  Zen.  dist^ 
:  sin*  true  zcn.  dist.  therefore  the  interval  of  time  (/)  at  the  spectators: 


\ 
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nx — -,  X -— X  sec.  d  s  dec. :  hence,  Lofic. /.  =  6.84273 -f-i.  n-*- 

23  A.  56       s.ap.zen.dist.  '        .     >        &  ^  ,         -r 

L.  (1440  +  r)  +  /.  Req.  Tab.  IX.  +  /.  sec.   <r  's  dec.  —  30. 

On  the  Principles  of  Dialling. 

112.  As  the  apparent  motion  of  the  sun  about  the  axis  of  the  earth  is  at  the 
rate  of  15®  in  an  hour,  very  nearly,  let  us  suppose  the  axis  of  the  earth  to  pro- 
'^^*     ject  its  shadow  into  the  meridian  opposite  to  that  of  the  sun,  and  then  this  me- 
'•       ridian  will  move  at  the  rate  of  15°  in  an  hour.     Hence,  let  JsPjBpfl^  represent  a 
meridian  on  the  earth's  surface,  POp  its  axis,  z  the  place  of  the  spefctatoc, 
HKRVa  great  circle  of  which  z  is  the  pole  i  draw  the  meridians  Plp^  P2p,  ^c. 
making  angles  with  PRp  of  15°,  30°,  Sfc.  respectively;  then  supposing  PR  to 
be  the  meridian  into  which  the  shadow  of  PO  is  projected  at  12  o'clock. 
Pi,  P2,  SfC.  are  the  meridians  into  which  it  is  projected  at  1,2,  <§y.  o'clock, 
and  the  shadow  will  be  projected  on  the  plane  HKRV  in  the  lines  ORy  Ol, 
02,  4^.,  and  the  arcs  Ul,  i?2,  Sgc.  will  measure  the  angles  iiOl,  jR02,  8^x. 
between  the  12  o'clock  line  and  the  1,  2,  S^c.  o'clock  lines.     Now  in  the  right 
angled  triangle  PiJl,  we  have  PR  (84)  the  latitude  of  the  place,  and  the  angle ' 
IRPl  =  15°;  hence,  rad.  :  tan.  15°::  sin.  PR  :  tan.  jRl ;  in  the  same  manner  we 
may  calculate  the  arcs  1?2,  ii3,  8^.     In  this  case  we  make  the  earth's  axis  the 
gnomon,  and  the  shadow  is  projected  upon  the  plane  HKRV.     But  if  we  take  a 
plane  abed  at  z  parallel  to  HKRVj  and  consequently  parallel  to  the  horizon 
at  i,  and  draw  zr  parallel  to  POp,  then  on  account  of  the  great  distance  of 
Ithe  sun  we  may  conceive  it  to  revolve  about  zt  in  the  same  manner  as  about 
jPjP,  and  consequently  the  shadow  will  be  projected  upon  the  plane  abed  in  the 
same  manner  as  the  shadow  of  PO  is  projected  upon  the  plane  HKRV,  and 
therefore  the  hour  angles  are  calculated  by  the  same  proportion.     This  is  an 
horizontal  dial. 
FIG.        '  lis.  Now  let  NLzK  be  a  great  circle  plerpendicular  to  PRpHzy  and  cori- 
18*      dequently  perpendicular  to  the  horizon  at ;?,  and  the  side  next  toH  is  fidi  south; 
Then,  for  the  same  reason  as  before,  if  the  angles  ^1,  Np2,  8^c.  be  15°,  30°, 
8^.  the  shadow  of  pO  will  be  projected  into  the  lines  Ol,  02,  8^e.  at  1,  2,  (§r. 
o'clock,  and  the  angles  iWl,  i\^02,  will  be  measured  by  the  arcs  iVl,  iV2,  Sge. 
Hence,  in  the  right  angled  triangle  pNl,  pN-=.\he  complement  of  the  latitude^ 
and  the  angle  Npl  =  15°,  therefore  rad.  :  tan.  15°::  sin.  j!?^  :  tan.  ^1;  in  the 
&me  manner  we  find  ^2,  NSy  8^.     Hence,  for  the  same  reason  as  for  the  ho- 
rizontal dial,  if  zabe  be  a  plane  coinciding  vfiih  NLzK,  and  sthe  parallel  to 
Op,  St  will  project  its  shadow  in  the  same  manner  on  the  plane  zabe  ^%  Op 
^oes  on  the  plane  NLzK^  and  therefore  the  hour  angles  from  the  12  o'clock 
line  are  computed'  by  the  same  proportion.     This  is  a  verticaTsoiithdial.'    In  the 
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same  manner  the  shadow  may  be  projected  upon  a  plane  in  any  position,  and  the 
hour  angles  be  calculated. 

114.  In  order  to  fix  an  horizontal  dial,  we  must  be  able  to  tell  the  exact 
time  of -the  sun's  coming  to  the  meridian ;  for  which  purpose,  find  the  time  (92) 
by  the  sun's  altitude  when  it  is  at  the  solstices,  because  then  the  declination 
does  not  vary,  and  set  a  well  regulated  watch  to  that  time ;  then  when  the 
watch  shews  12  o'clock,  the  sun  is  on  the  meridian  j  at  that  instant  therefore 
set  the  dial  to  12  o'clock,  and  it  stands  right. 

.  .  115.  Hence  we  may  easily  draw  a  meridian  line  upon  any  horizontal  plane. 
Suspend  a  plumb  line  so  that  the  shadow  of  it  may  fall  upon  the  plane,  and 
when  the  watch  shows  12,  the  shadow  of  the  plumb  line  is  the  true  meridian. 
The  common  way  is  to  describe  several  concentric  circles  upon  an  horizontal 
plane,  and  in  the  center  to  erect  a  gnomon  perpendicular  to  it  with  a  small 
round  well  defined  head,  like  the  head  of  a  pin ;  make  a  point  upon  any  one 
X)f  the  circles  where  the  shadow  of  the  head,  by  the  sun,  falls  upon  it  on  the 
morning,  and  again  where  it  falls  upon  the  same  circle  in  the  afternoouf,  draw 
.two  radii  from  these  two  points,  and  bisect  the  angle  which  they  form^  ^nd  it 
,will  be  a  meridian  line.  This  should  be  done  when  the  sun  is  at  the  tropic, 
.when  it  does  not  sensibly  change  its  declination  in  the  interval  of  the  obs^ 
vation;  for  if  it  do,  the  sun  will  not  (107)  be  equidistant  from  the  meridian 
at  equal  altitudes.  This  method  is  otherwise  not  capable  of  very  great  accu- 
racy, as,  from  the  shadow  not  being  very  accurately  defined,  it  is  not  easy  to 
,  say  at  what  instant  of  time  the  shadow  of  the  head  of  the  gnomon  is  bisected  by 
.the  circle.  If,  however,  several  circles  be  made  use  of,  and  the  mean  of  the 
whole  taken,  the  meridian  may  be  gotten  with  sufficient  accuracy  for  all  com- 
.mon  purposes. 

116.  To  find  whether  a  wall  be  full  south  for  a  vertical  south  dial,  erect  a 
^omon  perpendicular  to  it  and  hang  a  plumb  line  from  it;  then-,  when  tlie 
watch  shows  12,  if  the  shadow  of  the  gnomon  coincide  with  the  plumb  line, 
the  waU  is  full  south. 


^  ' 


CHAP.   III. 

TO  DETERMINE  THI!  ilCHT  ASCENSION,  DECT.lNAnON,  LATTTTDE  AKD 

LONGITUDE  0¥  THE  HEAVENLY  BODIES. 

Art.  117.  J_  HE  foinulution  of  all  Astronomy  13  to  detenmne  tlie  situation  of 
the  fixed  stars,  in  order  to  find,  by  a  reference  to  such  fixed  olgects,  the  places 
of  the  other  bodies  at  any  given  time,  and  from  thence  to  deduce  their  proper 
motions.  The  positions  of  the  fixed  stars  are  found  from  observation,  by  find- 
ing their  right  ascensions  and  declinations  by  means  of  the  transit  telescope 
cndiotronomical  quadrant,  as  explained  in  my  Treatise  an  Praeticdl  Astronomy  ; 
fflftift  then  by  computation  their  latitudes  and  longitudes  tnay  be  found. 
.<H8.  Noir  as  tibe  earth  revolves  uniformly  about  its  tons,  ffee  apparent  mo- 

fn  of  aHthe  heavisnly  bodies,  arising  from  this  motion  of  the  earth,  must  be 
iform  ;  and  as  this  motion  is  parallel  to  the  equator,  the  interval  of  the  times, 
which  any  two  stare  pass  over  any  meridian,  must  be  m  proportion  to  the 
&c  of  the  equator  intercepted .  between  the  two  secondaries  passing  through 
ifaeni,  because  (IS)  this  arc  o£  the  equator  x»ntains  the  same  -number  of  de- 
grees as  ^  arc  x)f  any  small  circle  parallel  to  it  and  t^onqyrehended  between 
'the  same  secondaries  j  and  therefore,  if  one  increase  nnifbrmly,  the  other  «ust. 
•Hence,  the  right  ascension  of  stars  passing  l3tte>  meridian  at  different  times  win 
difier  in  prc^nntion  to  the  difference  of  the  times  of  their  passing ;  and  as  the 
c3ock  is  supposed  to  go  uniformly,  we  have  the  following  rule :  As  the  inter* 
vai  of  the  times  of  the  passage  of  any  fixed  star  over  the  meridian :  the  inter- 
val of  the  passage  of  any  two  stare : :  860® :  their  apparent  difference  of  right 
ascensions  ;  which  corrected  for  their  aberrationrin  right  ascension,  gives  their 
irw  difference  of  right  ascensions.  By  the  same  mediod  we  may  find  the  dii& 
ierenee  of  right  ascensions  of  the  sun  or  moon,  when  they  pass  Hie  meridian, 
and  a  star,  and  therefore  if  that  of  the  star  be  known,  that  of  the  sun  or  moon 
will ;  which  will  be  rendered  more  exact,  if  we  compare  them  with  several  stars 
and  take  the  mean  ;  remembering  to  apply  the  star's  aberration  in  right  ascen- 
sion to  the  apparent^  in  order  to  get  the  true  difference.  When  we  thus  deter- 
mine the  sun's  right  ascension  from  that  of  a  star,  the  sun's  aberration,  which  in 
longitude  is  always  20",  is  not  here  considered,  because  the  sun's  place  in  the  ta- 
bles is  put  down  as  affected  by  aberration ;  and  the  use  of  observing  the  sun's 
right  ascension  is  to  compare  it  with  the  tables  in  order  to  find  their  error. 

119.  Now  to  determine  the  right  ascension  of  a  fixed  star,  Mr.  Flamstead 
proposed  a  method,  by  comparing  the  right  ascension  of  the  star  with  that  of 
the  sun  when  near  the  equinoxes,  and  having  the  same  declination';  and  as  this 

method  has  not  been  explained,  we  shall  give  a  very  full  explanation  thereof, 
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together  with  an  example.  Let  AGCIfiE  be  die  equator,  ABCWE  the  ecfiptic,  fio. 
5  the  place  of  the  star,  and  Sm  a  secondary  to  the  equator,  and  let  the  sun  be  '®* 
at  P,  very  near  to  A^  when  it  is  on  the  meridian,  and  take  CT^  PA^  and  draw 
PL,  TQ  perpendicular  to  AGC^  and  QL  parallel  to  AC;  then  the  sun's  decli- 
nation is  the  same  at  T  as  at  P.  Observe  the  meridian  altitude  of  the  sun 
when  at  P,  and  also  the  time  of  the  passage  of  its  center  over  the  meridian ; 
observe  also  at  what  time  the  star  passes  over  the  meridian,  and  then  (1 18)  find 
the  apparent  difference  Lm  of  their  right  ascensions.  When  the  sun  approaches 
near  to  T,  observe  its  meridian  altitude  for  several  days,  so  that  on  one  of  them ^ 
at  /,  it  may  be  greater  and  on  the  next  day,  at  e,  it  may  be  less  than  the  meri- 
dian altitude  at  P,  so  that  in  the  intermediate  time  it  may  have  passed  throngM 
T ;  and  drawing  rt>,  e$  perpendicular  to  AOCEy  cibserve  on  these  two  days,  the 
differences  fow,  sm  of  the  sun's  right  ascension  and  that  of  the  star ;  draw  also 
IP  parallel  to  Qo.  Hence,  to  find  Qb,  we  may  consider  the  variation  both  of 
the  right  ascenmon  and  declination  to  be  uniform  for  a  small  time,  and  conse- 
^piently  to  be  prc^HHlional  to  each  other ;  lience,  vb  (the  change  of  meridian 
altitttdes  in  one  day)  :  ob  (the  difference  of  the  meridian  altitudes  at  t  and  7, 
or  the  difierence  of  declinations)  : :  sb  (the  difference  o£  sm^  bm  found  by  obser- 
vation) :  Q6,  which  added  to  foir,  or  subtracted  fiwn  it,  according  to  the  situa- 
tion of  »r,  gives  Qm,  to  which  add  Xwi,  or  take  their  difference,  according  to 
circumstances,  and  we  get  QE,  which  subtracted  from  AGQ  or  180%  half 
the  remainder  will  be  AL  the  sun's  riglit  ascension  at  the  first  observation,  to 
which  add  Lm  and  we  get  the  star's  right  ascension  at  the  same  time.  Instead 
ef  finding  AQ,  we  might  have  found  5Q,  by  taking  IlQ—€^foi' the  second  term, 
and  fbom  thence  we  should  have  gotten  Q^.  Thus  we  should  get  the  right  as- 
cension of  a  star,  upon  supposition  that  the  position  of  the  equator  had  re- 
mained the  same,  and  the  apparent  place  of  the  star  had  not  varied,  in  the  im 
twval  of  die  obseiTations.  But  tfie  intersection  of  the  equator  wifft  the  ecHp^ 
tic  has  a  retrograde  miotion,  called  the  Precession  td  th«  Eqninoxesr;  also,  riSe 
inclination  of  the  equator  to  the  ecliptic  is  suligect  to  a  variationr,  cabled  lire 
Nutation;  and  from  the  Aberration  of  the  star,  its  apparent  place  is  contimi- 
ally  clianging.  The  effects  of  all  these  circimistances  in  changing  ik€  right  as^ 
eension  of  the  star  will  be  explained  and  investigated  in  their  proper  places^ 
Now  TabliM  VIL  and=  VIII.  (see  Vol.  II.)  contain  these  Corrections  ibr  3B  pri^w 
cipal  stars ;  that  is,  if  the  mean  right  ascension  of  any  star  be  taken  fbr  tfee  bfc^ 
ginning  of  the  year,  and  these  corrections  be  applied  tcf  it,  according  to  thetir 
signs,  for  any  day,  the  result  gives  the  apparent  right  ascension  of  the  star  for 
that  day. 

120.  Let  therefore  ABCE  be  the  ecliptic,.  AGCE  thp  positioh  of  the  equa-  pic. 
tor  at  the  first  observation  when  the  sun  was  at  P,  and  aged  tlie  position  of  the  20, 
equator  at  the  time  of  the  observation  at  tlie  other  equinox,  and  take  TCzz7\ij 
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and  draw  2  <Q  perpendicular  to  AGCEj  as  before,  and  d):aw  Qq  parallel  to  ABCf 
•  •  and  tqr  perpendicular  to  AGCE  ;  let  Ae  be  also  perpendicular  to  aged.  Now 
as  the  position  of  the  equator  and  the  apparent  place  of  the  star  are  altered  in 
the  time  between  the  two  observations,  let  m  be  the  point  where  a  secondary 
from  the  apparent  place  of  the  star  to  the  equator  at  tlie  first  observation  would 
cut  it,  and  v  the  place  at  the  second  observation,  and  draw  vw  perpendicular 
to  AGCE  ;  then  Am  is  the  apparent  right  ascension  of  the  star  at  the  first  ob- 
servation, and  av  at  the  second.  Also,  the  sun  must  be  at  /  when  it  has  the 
same  declination  tq  at  the  second  observation  as  it  had  at  the  first,  and  conse- 
quently qv  is  the  apparent  difference  of  right  ascensions  of  the  sun  at  t  and  star^ 
which  difference  is  found  by  observation  in  the  same  manner  as  the  difference 
at  2'  was  before  found,  when  the  equator  was  fixed.  Also,  as  Qy=:Cir=^a, 
and  the  angle  qQrzucCXlznAae^  we  have  Qr^ae^Aax  cos.  Aae.  Now  if  we 
put  M  for  the  mean  right  ascension  of  the  star  at  the  beginning  of  the  year, 
and  S  for  the  sum  of  all  the  corrections  due  at  the  time  of  the  first  observation, 
and  5. for  the  sum  due  at  the  second ;  then,  firom  what  we  have  already  explain-* 
ed  in  the  last  article,  Af +iS=-4wij  Af -f5=at;,  hence,  if  we  take  the  former 
from  the  latter,  supposing  s  to  be  greater  than  5,  we  have  5 — 6^ = at;  —  Am = ae 
-Jtev^Axo  —  wm  (m  lying  beyond  w);  but  evzzAzoi  hence,  s-^S^ae^wm^ 
consequently  wmzzae-^S'^S.  Now  qv^  or  rw,  is  known,  hence  we  know  nw, 
•and  as  Qr  is.  known,  Qm  will  be  known ;  and  as  we  also  know  Lm^  we  get  the 
value  of  QL*9  with  which  we  proceed,  as  before,  to  get  the  star's  right  ascen- 
sion. The  great  advantage  of  this  method,  is,  that  it  does  not  depend  upon 
any  determination  of  the  latitude  of  the  place,  declination  of  the  sun  or  accu- 
racy in  the  divisions  of  the  instrument.  If  the  latitude  be  known,  we  may 
iind  the  declination  from  the  meridian  altitude,  it  being,  from  Art.  87,  equal 
to  the  difference  between  the  meridian  altitude  and  the  complement  of  latitude, 
and  then  one  observation  at  the  second  equinox  will  be  sufficient,  because  the 
daily  variation  of  the  declination  and  right  ascension  may  be  taken  from  the- 
Nautical  Almanac.  Having  thus  determined  the  right  ascension  of  one  star, 
the  right  ascension  of  all  the  heavenly  bodies  may  from  thence  be  found  (118). 
If  the  right  ascension  of  a  star,  which  is  not  in  these  tables,  should  be  re- 
-  quired,  the  corrections  must  be  computed  by  the  Rules  which  we  shall  give  in 
their  proper  places.  If  the  right  ascension  of  the  star  be  first  computed  with- 
out considering  these  corrections,  it  will  be  sufficiently  accurate  to  compute, 
the  corrections  from,  and  then  they  may  be  applied. 

'  *  In  all  these  cases,  if  you  draw  the  figure  and  put  the  star  in  its  proper  place,  and  put  m  and  w^ 
in  their  proper  situations,  which  may  be  done  by  observing  whether  ew  or  Am  be  the  greater^  you* 
will  immediately  see  what  quantities  are  to  be  added  together,  and  what  subtracted.    This  figure  is 
drawn  for  the  Example. 

8  t 
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Ex.  Let  it  be  required  to  find  the  right  ascension  of  Pollux  on  March  24,  in 
the  year  1768,  ftoni  Dn  Maskelyne's  observations. 

On  March  24,  Pollux  passed  the  meridian  at  7 A.  31'.  38 ';  and  on  the  25,  at 
7A.  31'.  37%66 ;  on  the  same  day  the  sun  passed  at  Oh.  16'.  35  ",.5  ;  hence,  the  ap- 
parent diflference  of  the  AR's.  of  the  sun  and  Pollux  on  tlie  24tli,  allowing  for  the 
error  of  the  clock  (122),  was  7/^  U'.  2'',46=108^  45'.  36  ,9  =  Xjw,  Now  on 
March  24, 

Appar.  zen.  dist.  0  L.  L.  -  •  49°.  58'.  58",7 

Semidiam.       -  -  -  -  *.        —16.     4,  4 


Appar.  zen.  dist.  0  cen.         ...         49.   42.  54,  3 

Parallax         -  -  -         -  -  -  ^6,  7 

Refr.  cor.  for  Bar.  and  Ther.  «  -  +    1.    10,  4 


True  zen.  dist.  ©  cen.  -         »         •         49.   43.  58 

True  meridian  altitude         -         -         •  40.    1 6.     2 


To  find  when  the  sun  had  the  same  meridian  altitude,  or  declination,  jast 
before  it  came  to  the  next  equinox,  let  us  take  Sept.  18,  on  \vhich  we  find, 
Appar.  zen.  dist.  0  L.  L.  -  -  50°.     8'.  37",8 

Semidiam.         -         -  -         -         -  —    15.  59, 4 


Appar.  zen.  dist.  ©  cen.         .         .        -  49.   52.  38,  4 

Parallax —   6,  7 

Refi:.  cor.  for  Bar.  and  Ther.          -          -  +    1.     5,  8 

True  zen.  dist.  ©  cen.          •         .         -  49.   53,  37,  5 

True  meridian  altitude         •         -         -  40.      6.  22,  5 


As  this  altitude  is  less  than  that  on  March  24,  the  instant  of  time  when  the 
«un  bad  the  same  declination  as  on  the  24th  must  be  before  the  1 8th  ;  therefore 
as  the  sun  on  the  18th  had  gotten  beyond  that  point  where  its  declination  was. 
the  same  as  at  P,  we  must,  from  the  difference  of  the  right  ascensions  of  the 
sun  and  star  observed  on  that  day,  subtract  the  increase  of  the  sun*s  right  as- 
cension between  the  1 8tli  and  that  point  of  time  when  the  declination  was  the 
same  as  at  F,  in  order  to  get  the  difference  of  the  apparent  right  ascensions  at 
the  time  when  the  sun*s  decHhation  was  the  same  as  at  P.  We  may  also  ob- 
serve, that  the  difference  of  any  two  true  meridian  altitudes  is  the  same  as  the 
difference  of  the  decHnations  at  the  same  times.  Now  as  the  sun's  altitude  was 
not  observed  on  the  17th,  we  will  take  the  change  of  declination  for  that  day 
from  the  Nautical  Almanac,  which  i^  23'.  20" ;  also,  the  increase  of  the  sun'a 
AR.  for  that  day  was  3'.  36"  in  time,  or  54'  in  space^    The  diflference  of  the 
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true  meridian  altitudes,  or  the  difference  of  declinations  on  March  24^  and 
Sept.  18,  was  9'-  39",5;  hence,  23'-  20"  :  9'.  39",5::54'  :  22'.  21,"4,the  increase 
of  the  sun*s  right  ascension  from  the  time  before  the  18th  at  which  the  decli- 
nation was  tlie  same  as  on  March  24,  to  the  18th.  On  Sept.  18,  Pollux  passed 
the  meridian  at  7 A.  30'.  39",9,  and  on  the  19th  at  7A.  30'.  40".  On  the  18th  the 
sun  passed  at  1 1/r.  44'.  53",33 ;  therefore  the  apparent  difference  of  tlie  AR*b 
of  the  sun  and  Pollux  on  that  day,  allowing  for  the  error  of  the  clock  (122), 
was  4A.  14".  13",5  =  63^  33'.  22^,5,  from  which  subtract  22".  2l",4,  and  we  have 
63^  11'.  l",l=^i;.  Now  to  get  the  correction  in  Table  VIII.  we  must  have 
the  place  of  the  moon's  ascending  node,  which,  from  the  Lunar  Tables,  is 
found  to  be  9*.  17^  45".  28"  on  March  24,  and  9*.  8^  19'.  54"  on  Sept  18. 
Hence, 

March  24,  Correction  from  Table  VI  I.  >  ^  ,  ♦^e*.«^^+    IS^^ 

VIII.5  ^^^^  to  space  ^   ^^g 

+  38,  7zzS 


Sept  18,    Correction  from  Table  VII.  >       ,  f^^^r.^-^   3l",8 

VIII.  \  ^^^'  ^^  ^^^^  +   20 

+   51,  SzzS 

Hence,  ^-S=12",6. 

Prec.  of  Equin.  from  March  24,    >  ,, 

to  Sept.  1 8,  TaWe  XV.  )         ^* '^ 

Variation  of  the  equat.  of  equinoxes,  Table  XVI.  +  O,  7 

True  Precession  in  the  interval      -...---.     25,  6=:Aa 
Cos.  23^28' ,917 

23,  4  =  0^ 


Hence,  mw  =  23",4  - 1 2",6  =  I0'',8 ;  therefore  n»  =  rw  -  mw  =  jr  -  wia?  =:  63^ 
10'.  49",3}  to  this  add  Qr=:23",4,  and  we  have  Qm  =  63^  11'.  12'',7,  whidi 
being  added  to  iwi=  108°.  45'.  36',9  we  have  LQ-ni"".  56'.  49'',6,  which  sub- 
tracted from  180%  half  the  difference  is  4°.  l'.  35",2  =  ^L  the  sun's  right  as- 
cension on  March  24,  to  which  add  Lm- 108°.  45'.  36  ",9  and  we  get  112°.  47'. 
12",1  the  apparent  right  ascension  of  Pollux  at  the  same  time ;  and  if  from  this 
we  subtract  38",7  the  equation  at  that  time,  we  get  112°.  46'.  33",4  for  its  mean 
right  ascension.  This  conclusion  differs  a  little  from  that  determined  by  Di. 
Maskelyne  in  Table  VI,  from  the  mean  of  seven  observations. 
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12 J.  But  the  method  made  use  of  by  Dr.  Maskelyne  in  settling  tlie  right 
ascensions  of  the  stars,  though  founded  upon  tlie  same  principle  as  this  of  Mr. 
Flamstead,  is  different  in  its  process,  and  procured  him  the  advantage  of  a 
greater  number  of  observations,  both  of  the  sun  and  stars,  in  the  same  time, 
and  consequently  enabled  him  to  lix  the  right  ascension  of  the  stars  with  greater 
accuracy  in  a  shorter  time.     He  took  a  AquiUv  for  his  fundamental  star,  and 
assumed  its  right  ascension  as  settled  by  Dr.  Bradley,  reducing  it  to  tlie  time 
of  his  observations  by  the  mean  precession,  and  afterwards  making  the  follow- 
ing correction.     By  comparing  a  great  many  obsei'ved  transits  of  such  stars  as 
he  thought  proper  to  select,  with  that  of    Aquila:?,  in  various  parts  of  the  year, 
and  applying  the  proper  equations,  he  obtained  their  mean  right  ascensions  re- 
lative to  that  of  «  Aquilae  assumed,  or  affected  with  the  same  error ;  and  com- 
paring the  transits  of  the  sun  near  the  equinoxes  with  those  of  the  above  men- 
tioned stars  observed  on  the  same  day,  he  obtsdned  the  sun's  right  ascension 
relative  to  that  of  a  Aquilae  assumed.     From  the  observed  zenith  distances  of 
the  sun  on  the  same  days,  corrected  for  refraction,  parallax  and  the  error  of 
the  line  of  collimation,  with,  the  apparent  obliquity  of  the  ecliptic  at  the  time, 
he  deduced  the  sun*s  right  ascensions  :  and  then  by  comparing  the  sun'i  right 
ascensions  deduced  jfrom  the  observed  transits  with  those  deduced  from  his  ob- 
served zenith  distances  at  equal  or  nearly  equal  declinations  of  the  same  kind 
near  both  equinoxes,  he  deduced  the  error  of  the  assumed  right  ascension  of 
Oft  Aquilffi,  which  came  out  3",8  additive.     He  observed  further,  that  in  the  in- 
terval of  12  years,  which  passed  between  the  settling  of  Dr,  Bradley's  Cata- 
logue about  1755  and  his  own  about  1767,  the  precession  in  right  ascension 
was  diminished  by  2",  16  by  the  action  of  the  planets.     Therefore  if  this  had 
been  allowed  in  assuming  the  right  ascension  of  a  Aquilae  from  Dr.  Bradley's 
determination,  the  correction  of  the  right  ascension  of  «  Aquilae  would  have 
come  out  5'',96  additive,  or  at  the  rate  of  ^"  a  year,  which  agrees  very  well  with 
the  annual  proper  motion  of  a  Aquilae  deduced  from  other  observations,     Dr, 
Maskelyne  has  also  given  the  following  method. 

Assume  the  mean  AR  of  the  star  at  the  beginning  of  the  year,  and  thence, 
by  applying  the  equations,  compute  its  apparent  AR  on  two  days  of  the  year 
when  the  sun  has  nearly  equal  declinations  on  the  same  side  of  the  equator, 
from  two  declinations  observed  j  and  then  by  the  observed  difference  of  the 
transits  of  the  sun  and  star,  compute  the  two  apparent  AR^s  of  the  suii  and 
star ;  call  this  by  tlw  star..  Correct  the  observed  zenith  distances  of  the  sun 
by  the  correction  of  the  line  of  collimation  (if  necessary),  refraction  and 
parallax,  and  you  will  obtain  its  apparent  zemth  distances,  affected  only  by  an 
error  in  the  latitude  of  the  place,  making  an  error  in  the  declination.  To  the 
mean  obliquity  of  tlie  ecUptic  at  the  beginning  of  the  year,  apply  the  propor- 
tional  part  of  the  annual  diminution,  the  connection  for  the  day  of  the .  year. 
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an  J  the  equation  depending  on  the  place  of  the  moon's  node,  and  you  will 
have  the  apparent  obh'quity,  with  which  and  the  two  declinations  of  the  sun 
before  found,  compute  the  two  AR*s  by  the  sun ;  call  this  by  the  declination. 
Subtract  the  sun's  AR  by  tlie  star  from  his  AR  by  the  dccUnation  near  the  ver- 
nal equinox,'  and  call  the  difference  a  put  down  with  its  proper  sign.     Do  the 
Scime  tor  the  autumnal  equinox,  and  call  the  difference  d.     Tiien  4  (a^b)  is 
the  correction  of  the  mean  AR  of  tlie  star  at  the  beginning  of  the  year,     Thir* 
correction  being  applied  to  the  two  AR^s  of  the  sun  by  the  star,  will  give  the 
apparent  AR^s  of  the  sun  at  those  times.     For  let  A  =  app.  AR  of  ©  at  P  by 
the  star,  A  that  at  T,  7i=  0s  AR  at  P  by  the  declination,  7J'  =  that  at  T;  y  = 
correction  to  be  applied  to  correct  the  computed  declination  of  the  sun,  and 
let  1  :  w::  ©s  error  (jy)  in  decl.  :  corresponding  error  in  AR  —  ny.     Now  an 
increase  of  decHnation,  increases  the  AR  in  thejij^st  quadrant,  and  decreases  it  in 
the  second  ;  hence,  an  increase  (iiy')  oi  AR  in  the  first  quadrant,  makes  it  B  -f  ny, 
and  in  the  second,  B  —  mj ;  these  we  may  consider  as  the  true  AKs  of  the  © 
from  the  declination  ;  also,  the  true  AR's  from  the  star  (putting  jr  =  the  coiTection 
of  the  mean  AR  of  the  star  at  the  beginning  of  the  year)  are  A  -hJ"  and  A'  +  j;  ; 
hence,  A+a^^B-r^iy,  A  -¥xzzB'^ny,  and*r  =  ^  (5-^  +  5 -.4) ;  but  a- 
Ji^Ay  j:=iB-A';  therefore  ^  =  ^  (a  +  b).     Further,  y=:^n(B-'B'-hA'-A) 

the  error  in  declination.     But  1  :  7^ ::  PL ::  AP  ;  now  sin.  ^P  =  tan.  PL  x  cot. 

Jj  liiereforc  sin.  AP  •=.  AP  x  cos.  AP  =  AP  x  cos.  JPi*  x  cot.  A,  and  1  :  n:: 
COS.  AP  :  sec.  PL^  x  cot.  A  ;  hence,  7/  =  ^  (B  —  B-^A'  —  A)x  cos.  AR  x  cos. 

ilecT'  X  tan.  obi.  eel. 

IJy  making  a  great  number  of  observations  of  tliis  kind,  and  taking  tlie 
mean,  the  AR  of  a  star  may  be  very  accurately  determined.  Dr.  Maskelyne 
observed,  that  this  method  is  more  simple  than  that  of  Dr.  Bradley,  or  De 
La  Caille,  though  on  the  same  principle,  first  introduced  by  Flamstead. 

122.  The  practical  method  of  finding  the  right  ascension  of  a  body  from  that 
of  a  fixed  star,  by  a  clock  adjusted  to  sidereal  time,  is  thus.     Let  the  clock 
bo»^in  its  motion  from  Oh.  O'.  O"  at  the  instant  the  first  point  of  Aries  is  on  the 
meridian  •  then,  when  any  star  comes  to  the  meridian,  the  clock  would  show 
the  apparent  right  ascension  of  the  star,  the  right  ascension  being  estimated  in 
time  at  the  rate  of  15°  an  liour,  provided  the  clock  was  subject  to  no  error,  be- 
cau*5e  it  would  then  show  at  any  time  how  far  the  first  point  of  Aries  was  from 
ilio  meridian.     But  as  the  clock  is  necessarily  liable  to  err,  we  must  be  able  at 
an\  time  to  ascertain  what  its  error  is,  that  is,  what  is  the  difference  between 
tlie  ti^dit  ascension  shown  by  the  clock  and  the  right  ascension  of  that  point  of 
the  equator  which  is  at  that  time  on  the  meridian.     To  do  this,  we  must,  when 
a  star,  whose  apparent  right  ascension  is  known,  passes  the  meridian,  compare 
its  apparent  right  ascension  with  the  right  ascension  shown  by  the  clock,  and 
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the  difference  will  show  the  error  of  the  clock.  For  instance,  let  the  apparent 
right  ascension  of  Aldebaran  be  4/r.  23'.  50"  at  the  time  when  its  transit  over 
the  meridian  is  observed  by  the  clock,  and  suppose  the  time  shown  by  the  clock 
to  be  4A.  23'.  52",  then  there  is  an  error  of  2"  in  the  clock,  it  giving  the  right 
ascension  of  the  star  2'  more  than  it  ouglit.  If  the  clock  be  compared  with 
several  stars*  and  the  mean  error  taken,  we  shall  have,  more  accurately,  the 
error  at  the  mean  time  of  all  the  observations.  These  observations  being  re- 
peated every  day,  we  shall  get  the  rate  of  the  clock*s  going,  that  is,  how  fast 
it  gains  or  loses.  The  error  of  the  clock,  and  the  rate  of  its  going,  being  thus 
ascertained,  if  the  time  of  the  transit  of  any  body  be  observed,  and  tlie  error 
of  the  clock  at  the  time  be  applied,  we  shall  have  the  right  ascension  of  the. 
body.  This  is  the  method  by  which  the  right  ascension  of  the  sun,  moon  and 
planets  are  regularly  found  in  Obsenatories. 

Ex.  On  April  27, 1774,  the  following  obsen^ations  were  made  at  Greenwich: 
a  Serpentis  passed  the  meridian  at  15A.  31'.  28  ",76,  the  moon's  second  limb 
passed  at  I5h.  59'.  7",76,  and  Antares  at  16A.  13'.  55', 02  sidereal  time  j  to  find 
the  moon's  right  ascension. 

First,  to  find  the  error  of  the  clock  by  the  transit  of  the  stars. 

Mean  AR.  of  a  serpentis  at  begin,  of  1790  by  Tab.  VI.     15*.  33'.  55\  84 
Precession  in  16  years  by  Tab.  VI.        -  -  -  —   46,  94 

Mean  AR.  at  begin,  of  1774         -         -         -         -  15.  33.     8,  90 

Cor.  for  aber.  and  prec.  to  April  27,  by  Tab.  VIL  -f     2,  12 

Cor.  for  nutation  by  Tab.  VIII.    -        -        -        -        -  —     o,  23 

App.  ^72.  by  the  tables 15.  3S.  10,  79 

App.  ^7?.  by  the  clock       -         .         -         .        -         -       15.  31.  28,  76 


Error  of  the  clock  by  a  serpentis  too  slow  -  -  1.  42,  03 


Mean  AR.  of  Antares  at  begin,  of  1790  by  Tab.  VI.  16.  16.  33^  24 

Precession  in  16  years  by  Tub.  VI.           -          -          .  _   53^  45 

Mean  yijR.  at  begin,  of  1774          .          .          -          -  I6.  15.  34,  79 

Cor.  for  aber.  and  prec.  to  April  27,  by  Tab.  VII.         -  4.     2,  38 

Cor.  for  nutation  by  Tab.  VIII. —     0^  09 


"*  Tlie  stars  used  for  this  puqjose  at  tlic  Observatory  at  Greenwich  are  tliose  in  Tab.  VI.  whose 
AR*s  Dr.  jVIaskf.lyxe  settled  to  a  very  grtat  degree  of  accuracy.  As  many  x)f  these  as  conveniently 
can^  are  observed  every  day,  in  order  to  ascertain  the  going  of  the  clocks  and  for  uo  other  i)urpose. 


16. 

0.  49,795 

8'.  (f. 

12'.  26  ",9 
17.   13,5 

-     7.  29. 

55.   13,4 
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App.  AR.  by  the  tables 16.  15.  37,  08 

App.  AR.  by  the  clock 1 6.  1 3.  55,  02 

Error  of  the  clock  by  antares  too  slow        ...  i .  42,  06 

The  mean  of  these  two  errors  gives  l'.42",04f5  for  tlie  error  at  the  middle  be- 
tween the  times  of  the  transits  of  the  two  stars,  or  at  \5h.  52'.  41 ",  89.  Now 
from  knowing  the  error  of  the  clock  at  this  time,  and  the  rate  of  its  going,  we 
must  find  the  error  at  the  time  the  moon  passed,  >vhich  may,  in  this  case,  be 
considered  the  same,  the  times  being  nearly  equal.     Hence, 

Moon  passed  the  meridian  by  the  clock       -        -        .         IS*.  59'    7",75 
Error  of  the  clock,  too  slow -h     1 .  42,045 

True  AR.  of  the  moon*s  2d  limb         ... 

Do.  in  degrees 

Moon's  semid.  in  AR.  (109)        .        •        .        • 

True  AR.  of  the  moon's  center         .        -        - 

The  error  of  the  clock  is  generally  determined  by  a  greater  number  of  stars, 
when  tliey  can  be  observed;  and  the  mean  error  from  day  to  day  gives  the  rate 
of  its  going,  fi'om  which  we  may  find  the  error  at  aay  other  time.  For  in- 
stance, on  August  8,  1769,  I  found,  from  taking  the  mean  of  the  errors  of 
four  stars,  that  the  mean  error  of  the  clock  was  2",32,  toa  fast,  at  16A. 
21'.  18",  being  the  mean  of  all  the  times  when  the  stars  were  observed;  and 
on  the  9th  the  error  was  2",09,  too  fast,  at  1 SA.  52'.  58",  the  mean  of  all  the 
times.  Also  Jupiter  passed  the  meridian  on  the  9th  at  14A.  49'.  10",4.  Now 
the  interval  between  the  8rf.  16h.  21'.  18"  and  9d.  13*.  52'.  58"  is  2lA.  31'. 
40",  in  which  time  the  clock  lost  0",23;  also,  the  interval  between  13A.  52** 
58"  and  14A.  49'.  10  ",4  is  56'.  12",4;  hence,  21  h.  31'.  40"  :  56'.  12",4::0",23 
:  0",009,  which  is  what  the  clock  lost  in  tlie  second  interval ;  therefore  when 
Jupiter  passed  the  meridian,  the  clock  was  2",09  —  0",009  =  2",08  too  fast, 
which  subtracted  from  14A.  49'.  10",4  gives  14A.  49'.  8  ",32,  the  apparent  right 
ascension  of  Jupiten  To  the  apparent  AR.  apply  the  aberration  in  A.R*  and 
"  you  get  the  true  A R. 

123.  The  right  ascension  of  the  heavenly  bodies  being  thus  ascertained, 
the  next  thing  to  be  explained  is,  the  method  of  finding  their  declinations. 
Take  the  apparent  altitude  of  the  body,  when  it  passes  the  meridian,  by  an 
astronomical  quadrant,  as  explained  in  my  Treatise  on  Practical  Astronomy  ;^ 
correct  it  for  parallax  and  refraction,  and  for  the  error  of  the  line  of  collima- 
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10,  =  tan.  of  the  longitude^  of  the  same  kind  as  AR^  unless  arc  B  be  more 

'  than  90^,  in  \vhich  case,  the  quantity  found  of  the  same  kind  as  AR.  must  be 

subtracted  from  12  signs  or  3G0^     4.  ITic  sine  of  longitude  +  tan.  arc  B—  10, 

=  tan.  of  the  required  latitude^  of  the  same  title  as  arc  B.  N.  B.  If  the  lon- 
gitude come  out  near  0%  or  near  180%  for  the  sine  of  long,  in  the  last  opera- 
tion, siibstitute  tan.  long.  +  cos.  long. —  10,*;  or  the  last  operation  will  be, 
tan.  long. -f- cos.  long. -f  tan.  arc  B  —  20,  =  tan.  lat.  The  tan.  long,  is  already 
given. 

Given  the  Latitude  and  Longitude  of  an  Heavenly  Body^  and  the  obliquity  of 

the  Ecliptic^  tojind  its  Right  Ascension  and  Declination. 

1.  Sine  long.    +cot.  lat. —  10,  =  cot.  arc  A,  which  call  north  or  souths  ac- 
cording as  the  lat.  is  7iorth  or  south.     2.  Call  the  obliquity  of  the  ecliptic  nortk 
in  the  first  semicircle  of  longitude,  and  south  in  the  second.     Let  the  sum  of 
arc  A  and  obi.  eclip.  according  to  their  titles,  =  arc  B  with  its  proper  title* 
3.  The   arith.    comp.  of  cos.  arc  Ah- cos.    arc   B  +  tan.  long.— 10,= tan.  of 
flight  ascension^  of  the  same  kind  as  the  longitude,  unless  arc  B  be  moire  tlian 
90°,  in  which  case,  tlie  last  quantity  found  of  the  same  kind  as  the  longi- 
tude,   must  be   subtracted  from    12   signs  or  360°.     4.  The  sine  of  AR.+ 
tan.  arc  B— 10.=;: tan.  of  the  required  declination^  of  the  same  title  as  arc  B. 
N.  B.  If  AR.  come  out  near  0°,  or  near  1 80%  for  the  sine  AR.  in  tlie  last 
operation,    substitute  tan.  ^JS. +  cos.  .4 J?.  — 10;    or  the    last  operation   will 
be  tan.  AR.  -hcos.  AR.  -f  tan.  arc  B  — 20,  =  tan.  declination.     Tlie  tan.  AR^  is 
already  given. 

.  Demonstration.  Let  s  be  the  body,  r  C  the  ecliptic,  t  Q  the  equator, 
^r,  sn  pei^jendicular  to  t C,  t Q.  Then  rad.  :  sin.  t w : :  cot.  sn  :  cot.  strn^ 
hence,  log.  sin.  <rw  +  log.  cot.  571—10,  =log.  cot.  s^rn  arc  A..  Hence,  stu 
"^QcrC^iSfrr  arc  B.     Also 

FIG.      COS.  srrn  :  rad.  ::  tan.  ny*  :  tan.  5t>  'y^^  j^^^  219 

21-      rad.   :  cos.  s<rr::  tan.  5t  :  tan.  ttS 

— — ' cos.  sr^rx  tan.  n  t    i,«-««  «^  ^^ 

/.  cos.  STn  :  cos.  5  t  r : :  tan.  w  t  :  tan.  rr  = — ;  nence,  ar.  ca. 

COS.  s<rn 

log.  COS.  scrn-h log.  cos.  ^^r  +  log.  tan.  wt  —10,  =  log.  tan.  r^the  longitude 

And  (Trig.  Art.  210),  rad.  :  sin.  r  <r  : :  tan.  r^s  :  tan.  sr;  hence,  log.  sin.  r*^  + 

log.  tan.  rTS--- 10, = log.  tan.  sr  the  latitude.     And  in  whatever  position  we  take 

Sy  these  conclusions  will  give  the  rule  as  stated  above.     If  we  consider  tC  aa 

the  equator  and  tQ  the  ecliptic,  the  demonstration  will  do  for  the  second 

rule. 

*  For  the  reason  of  this  correction  in  extreme  cases,  sec  Dr.  Maskelyne's  excellent  IhtroductloB. 
to.  Taylob'b  Logarithms. 
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Ex.  Given  the  true  A.R.  of  the  moon's  center  7^.  29^  55'.13",4.  and  its 
declination  15^.  40'.  26^^  1  souths  as  determined  in  the  two  last  Examples;  to 
find  its  latitude  and  longitude*. 

By  Dr.  Maskelyne*s  observations,  the  mean  obliquity  of  the  ecliptic  at  the 
beginning  of  the  year  1784,  was  23^.  28'.  0",2,  and  as  its  gradual  diminution 
is  at  the  rate  of  ^  a  second  in  a  year,  tlie  mean  obhquity  at  the  beginning  of 
1774  was  23°.  28'.  5',2,  which  corrected  by  Tab.  IX.  X.  gives  23^  27'.  55%a 
for  the  obhquity  at  the  time  of  observation. 

Sine  of  right  asc.  -  T.  29^  5^.  13",4 

15  .  40.  26,  1 


Cotan.  of  decl. 

Cotan.  arc  A  sozUh 

ObHq.  eel.  north 

Arc  B  north  .         -        - 

Arith.  comp.  of  log.  cos.  arc  A 
Tang,  of  right  asc. 

Tang,  of  longitude 

Sine  of  longitude 

Tang,  of  arc  B     -        -        - 

Tang,  of  latitude  north 


.     9.9371817 
.  10.5519183 


17  .  57.  57,  8     .   10.4891000 

23  .  27.  55,  8 

5  .  29.  58,  O  cos.  9.9979064. 

0.0217102 
10.2371744 


8*.  l^  2'.  7",4  -   10.2568810 


4°.  48'.  54",  1 


9.9419678 
8.9835328 

8.9255006 


In  like  manner,  the  right  ascensions  and  declinations  of  the  fixed  stars  being 
found  from  observation,  their  latitudes  and  longitudes  may  be  computed,  and 
thus  a  catalogue  of  all  the  fixed  stars  may  be  made  for  any  time.  But  as  both 
the  equator  and  ecliptic  are  subject  to  a  change  in  their  positions,  the  right  as- 
cension, declination,  latitude  and  longitude  of  all  the  fixed  stars  will  vary. 
Hence,  if  their  annual  variations  be  computed,  as  will  be  afterwards  explained, 
their  right  ascensions,  &c.  may  be  found  at  any  other  time. 

1 25.  If  the  body  be  the  sun  at  s,  whose  right  ascension  and  declination  are 
given,  to  find  its  longitude;  then  sin.  s'^n  :  rad.  ::sin.  sn  :  sin.   cfss\  that  is, 
sin.  obi.  eel.  :  rad.  \\  sin.  decl.  :  sin.  longitude.     Or,  cos.  s^n  :  rad. ::  tan.  nr?z  ; 
tan.  V5,  that  is,  cos.  obi.  eel.  :  rad:\  tan.  right  asc.  :  tan.  longitude.     The  sun, 
being  always  in  the  ecliptic,  has  no  latitude. 

To  Jind  the  angle  of  Position. 

126.  Let  p  be  the  pole  of  the  ecKptic  vX,  P  the  pole  of  the  equator  'V^C, 

•  Ift  making  trigonometrical  calculations,  it  will  save  time,  when  the  same  arcs  occur,  to  take  out 
•II  their  logarithms  at  once,  to  avoid  the  trouble  of  tuminj;  to  them  again.  The  Computer  therefore, 
Ixfore  he  begins  his  operation,  should  put  it  down  in  its  proper  order,  leaving:  it  to  be  filled  up  by  the 
logarithms;  he  will  thfen  see  what  arcs  arc  repeated,  and  be  may,  at  one  opening  of  the  tables,  take 
out  all  their  logarithm^  and  put  them  down  in  their  proper  places. 

VOL.  T.  G 
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CHAP.  IV. 

ON  THE  EQUATION  OF  TUVIR 

Art.  127.  Having  explained,  in  the  last  Chapter,  the  practical  methocb 
of  determining  the  place  of  any  body  in  tlie  heavens,  we  come  next  to  the 
consideration  of  another  circumstance  not  less  important,  that  is,  the  irregu- 
larity of  time  as  measured  by  the  sun.  The  best  measure  of  time  which  we 
have,  is  a  clock  regulated  by  the  vibration  of  a  pendulum.  But  however 
accurately  a  clock  may  be  made,  it  must  be  subject  to  go  irregularly,  4>artly 
from  the  imperfection  of  the  workmanriiip,  and  partly  firom  the  expansion 
and  contraction  of  the  materials  by  heat  and  cold,  by  which  the  length  of 
the  pendukun,  and  consequently  the  time  of  vibration,  will  vary.  As  no  clock 
therefore  can  be  depended  upon  for  keeping  time  accurately,  it  is  necesssMy 
that  we  should  be  able  to  ascertain  at  any  time,  how  much  it  is  too  fast  or  too 
slow,  and  at  what  rate  it  gains  or  loses.  For  this  purpose  it  must  be  coin* 
pared  with  some  motion  whiah  is  uniform,  or  of  which,  if  it  be  notunifenn,' 
you  can  ascertain  the  variation.  The  motions  of  the  heavenly  bodies  have 
therefore  been  considered  as  most  proper  for  this  purpose.  Now  the  earth 
revolving  uniformly  about  its  axis,  the  apparent  diurnal  motion  of  the  fixed 
stars  about  the  axis  must  be  uniform.  If  a  clock  therefore  be  ^justed  to  go 
24  hours  from  the  passage  of  any  fixed  star  over  the  meridian  till  it  returns  to 
it  again,  its  rate  of  going  may  be  at  any  time  determined  by  comparing  it 
with  any  fixed  star,  and  observing  whether  the  interval  continues  to  be  24 
hours ;  if  not,  the  difference  shows  how  much  it  gains  or  loses  in  that  time. 
A  clock  adjusted  to  go  24  hoars  in  this  interval  is  said  to  be  adjusted  to  side* 
real  time.  But  if  we  compare  a  clock  with  the  sun,  and  adjust  it  to  go  24  hours 
from  the  time  the  sun  leaves  the  meridian  on  any  day,  till  it  returns  to  it  the 
next  day,  which  is  a  h^ue  solar  day,  the  clock  will  not,  even  if  it  go  uniformly, 
continue  to  agree  with  the  sun,  that  is,  it  will  not  show  12  when  the  sun  comes 
to  the  meridian. 

128.  For  let  P  be  the  pole  of  the  earth,  vwj/z  its  equator,  and  let  tlie  earth     fig* 
revolve  about  its  axis   in  the  order  of  the  letters  vwy-z;  tDLE  the  celestial      23* 
equator,  and  "rCL  the  ecliptic,  in  which  the  sun  moves  according  to  that  di- 
rection.    Let  fl,  wi,  be  the  sun  when  ou  the  meridian  of  any  place  on  two  suc- 
cesvsive  days,  and  draw  PvaCj  Prmh^  secondaries  to  the  equator,  and  let  the 
spectator  be  at  s  on  the  meridian  Pv^  with  the  awn  at  a  on  his  meridian.   Then  • 
when  the  earth  ha^  made  one  revolution  about  its.axis,  Psv  is  come  again  into 
the  same  position;  but  the  sun  having  mo ved  ibr¥Fetrd  ta  m,  the  earth  has  still 
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to  describe  the  angle  vPr  in  order  to  bring  the  meridian  Psv  into  the  position 
Pr,  so  that  the  sun  may  be  again  in  the  spectator's  meridian.     Now  the  angle 
vPr  is  measured  by  the  arc  eh^  which  is  the  increase  of  the  sun's  right  as- 
cension in  a  tnie  solar  day;  hence,  tlie  length  of  a  true  solar  day  is  equal  to  the 
tinie  of  the  eartKs  rotation  about  its  axis  -f  tJie  time  of  its  describing  an  angle  equal 
to  the  increase  of  the  sun*s  right  ascension  in  a  true  solar  day.     Now  if  the  sun 
moved  uniformly  in  tlie  equator  ^DLE^  this  increase  eh  would  be  always  the 
same  in  the  same  time,  and  therefore  the  solar  days  would  be  always  equal; 
but  the  sun  moves  in  the  ecUptic  vCiy,  and  therefore  i/'its  motion  were  uwi- 
fonn^  equal  arcs  am  upon  the  ecliptic  would  not  give  equal  arcs  eh  upon  tlie 
equator*.      But  the  motion  of  the  sun  is  not  uniform,  and  therefore  oiw,  de- 
scribed in  any  given  time,  is  subject  to  a  variation.,  and  which  also  must  neces- 
sarily make  eh  variable.     Hence,  the  increase  eh  of  the  sun's  right  ascension 
in  a  day  varies  from  two  causes,  that  is,  from  the  obliquity  of  the  ecliptic  to 
the  equator,  and  from  the  unequal  motion  of  the  sun  in  the  ecliptic.     The 
length  therefore  of  a  true  solar  day,  is  subject  to  a  continual  variation;  conse- 
quently a  clock  adjusted  to  go  24  hpurs  for  any  one  true  solar  day,  would  not 
continue  to  show   12  when  the  sun  comes  to  the  meridian,  because  the  in- 
tervals by  the  clock  would  continue  equal  (the  clock  being  supposed  neither 
to  gain  nor  lose),  whilst  the  intervals  of  the  sun's  passage  over  the  meridian 
would  vary. 

1 29.  As  the  sun  moves  through  360*^  of  right  ascension  in  365^  days  very 
nearly,  therefore  365^  days  :  1  day : :  360°.  :  59'.  8",2  the  increase  of  right  as- 
cension in  one  day,  if  the  increase  were  uniform,  or  it  would  be  the  increase 
in  a  mean  solar  day,  that  is,  if  the  solar  days  were  all  equal.  If  therefore  a 
clock  be  adjusted  to  go  24  hours  in  a  mean  solar  day,  it  cannot  continue  to  coin* 
cide  with  the  sun,  that  is,  to  show  12  when  the  sun  is  on  the  meridian;  but  the 
sun  wiU  pass  the  meridian,  sometimes  btfore  12  and  sometimes  ^j/fcr.  This  dif- 
ference is  called  the  Equation  of  Time.  A  clock  thus  adjusted  is  said  to  be  ad- 
justed to  mean  solar  time\.  The  time  shown  by  the  clock  is  called  true  or  mean 
time,  and  that  shown  by  the  sun  is  called  apparent  time.  What  we  call  apparent 
time  the  French  call  true. 

♦  For  draw  mt  parallel  to  ch,  and  suppose  ma  to  be  indefinitely  small;   then  by  plain  trigon, 
ma  :  mt ::  rad.  :  sin.  mat,  or  ^ae, 
mt  :  eh  ::  cos.  ae  :  rad.  (13) 

,-.  ma  :  eh  ::  cos.  ae  :  sin.  H'ae  ::  (because  Trig.  Art.  212.  sin.  ortflg— ^^-  fl<rgXrad.\    ^^  ^^^     ^^ 

vob.  ae        J 
a^ty^ radius ;  hence,  the  ratio  of  ma  to  eh  is  variable. 

+  As  tlie  earth  describes  an  angle  of  360®.  59'.  8",2  about  its  axis  m  a  mean  solar  day  of  24  hours, 
and  an  angle  of  3(Kf  in  a  tidtreal  day,  therefore  360®.  59^.  8*,2  :  360®  ::  24A.  :  23A.  56'.  4",098  the 
length  of  the  sidereal  day  in  mean  solar  time^  or  the  time  from  the  passage  of  a  fixed  star  over  the  me- 
ridian till  it  returns  to  it  again. 
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ISO.  A  clock  adjusted  to  go  24  hours  in  a  mean  solar  day,  would  coincide 
with  an  imaginary  star  moving  uniformly  in  the  equator  with  the  sun's  mean 
motion  59'.  8",2  in  right  ascension,  if  the  star  were  to  set  off  from  any  given 
meridian  when  the  clock  is  12;  that  is,  the  clock  woidd  always  show  12  when 
the  star  came  to  the  meridian,  because  the  intervtd  of  the.  passages  of  this  star 
over  the  meridian  would  be  a  mean  solar  day.  This  star  therefore,  if  we  reckon 
its  motion  from  the  meridian  in  time  at  the  rate  of  1  hour  for  15°,  would  always 
coincide  with  the  clock;  that  is,  when  the  clock  shows  1  hour,  the  star's  motion 
would  be  1  hour;  when  the  clock  shows  2  hours,  the  star's  motion  would  .be 
2  hours;  and  so  on.  Hence,  this  star  may  be  substituted  instead  of  the  clock  ; 
therefore  when  the  sun  passes  the  given  meridian,  the  difference  .  between  its 
right  ascension  and  that  of  the  star,  converted  into  time,  is  the  xUfFerence  be- 
tween the  time  when  the  sun  is  on  the  meridian  and  1 2  o'clock,  or  the  equa- 
tion of  time ;  because  the  given  meridian  passes  through  the  star  at  12  o'clock, 
and  its  motion  in  respect  to  that  star  is  at  the  rate  of  15®  in  an  hour  (132). 

131.  Now  to  compute  this  equation  of  time,  let  APLS  be  the  ecliptic,  ALv    fig. 
the  equator,  A  the  first  point  of  aries,  P  the  sun's  apogee,  S  any  place  of     24. 
the  sun,  draw  Sv  perpendicular  to  the  equator,  and  take.-4/i  =  ^P.     When 
the  sun  sets  out  at  P,  let  the  imaginary  star  set  out  at  n  with  the  sun's  mean 
motion  in  right  ascension,  or  longitude,  or  at  the  rate  of  59'.  8",2  in  a  day, 
and  when  n  passes  the  meridian  let  the  clock  be  adjusted  to  12,  as  described 
in  the  last  Article:  These  are  the  corresponding  positions  of  the  clock  and 
sun,  as  assumed  by  Astronomers.     Take  nmziPsj  and  when  the  star  comes: 
to  wi,  the  place  of  the  sun,  if  it  moved  uniformly  with  its  mean  motion,  would, 
be  at  Sy  but  at  that  time  let  S  be  the  place  of  the  sun.     Now  let  the  sun 
5,  and  consequently  t;,  be  on  the  meridian ;  then  as  tw  is  the  place  of  the 
imaginary  star  at  that  instant,  mv  is  the  equation  of  time.     The  sun's  mean 
place  is   at  Sy  and  sls  An:=iAPy  and  nm  =  Ps..\Am:=iAPSj  consequently  wzi; 
—  Av-^Am^Av-^APs.    Let  a  be  the  mean  equinox,  and  draw  az  perpendicu* 
lar  to  AL;  then  Am=zAz-hzm  — Aax  cos.  aAZ'^zm=-^Aa']'Zm;  hence,  mv 
^Av^zm-^j^  Aa;  but  Av  is  the  sun's  true  right  ascension,  zm  is  the  mean 
right  ascension,  or  mean  longitude,  and  ^  Aa  (^Az)  is  the  equation  of  the 
equinoxes  in  right  ascension;  hence,  the  equation  of  time  is  equal  to  tfie  differ^ 
ence  of  the  sun^s  true  right  ascension^  and  its  mean  longitude  corrected  by  the 
equation  of  the  equinosces  in  right  ascension.     When  Am  is  less  than  Av^  mean 
time  precedes  apparent ^  and  when  greater ^  apparent  time  precedes  mean;  for 
as  the  earth  turns  about  its  axis  in  the  direction  Av^  or  in  the  order  of  right 
ascension,  that  body  whose  right  ascension  is  least  must  come  to  the  meridian 
first.     That  is,  when  the  sun's  true  right  ascension  is  greater  than  its  mean  lon- 
gitude corrected  as  above,  we  must  add  the  equation  of  time  to  apparent,  to 
get  the  mean  time ;  and  when  it  is  few,  we  must  subtract.    To  convert  mean. 
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time  into  apparent,  we  must  subtract  in  the  former  case  and  add  in  tlie  Jotter. 
This  Ride  for  computing  the  equation  of  time  was  first  given  by  Dr.  MasK£- 
LTNE  in  the  P/w7.  Tram.  1764, 

1 32.  As  a  meridian  of  the  earth,  when  it  leaves  ttz,  returns  to  it  again  in  24 
hours,  it  may  be  considered,  when  it  leaves  that  point,  as  approaching  a  point 
at  tliat  time  360*^  from  it,  and  at  which  it  arrives  in  24  hours.  Hence,  the  re- 
lative velocity  with  which  a  meridian  accedes  to  or  recedes  from  m  is  at  the  rate 
of  15®  in  an  hour.  Tlierefore  when  the  meridian  passes  through  Vy  the  arc  vm 
reduced  into  time  at  the  rate  of  1 5^  in  an  hour,  gives  the  equation  of  time  at 
that  instant.  Hence,  the  equation  of  time  is  computed  for  the  instant  of  ap^ 
parent  noon.  Now  the  time  of  apparent  noon  in  mean  solar  time,  for  which 
we  compute,  can  only  be  known  by  knowing  the  equation  of  time.  To  conh- 
pute  therefore  the  equation  on  any  day,  you  must  assume  the  equation  the  same 
as  on  that  day  four  years  before,  from  which  it  will  differ  but  very  little,  and 
it  win  give  the  time  of  apparent  noon,  sufficiently  accurate  for  the  purpose  of 
computing  the  equation.  If  you  do  not  know  the  equation  four  years  before, 
compute  the  equation  for  noon  mean  time,  and  that  will  give  apparent  noon 
accurately  enough. 

Ex,  To  find  the  equation  of  time  on  July  1, 1792,  for  the  meridian  of  Green-, 
^ich,  by  Mayer's  Tables. 

The  equation  on  July  1,  1788,  was,  by  tlie  Nautical  AhnanaCy  S'.  28",  to  be 
added  to  apparent  noon,  to  give  the  corresponding  mean  time;  hence,  for 
'July  1,  1792,  at  OA.  S'.  28"  compute  the  true  longitude*. 


Epoch,  for  1792. 
M&wa.  Mot.  July  1 , 

3' 
28' 

Mean  Longitude 
Bqwat.  of  Uenter 
EqUabt.  ]> .    I. 

5    ITI. 
«    IV. 


Tru6  liOngltude 


Mean.  Long.  ©  Long.  ©*s  Apog.JN^l. 


9M0'*.50'.    0',7t3 
5.    29.    23.  16,  2 

7,4 

1,  1 


3.    10. 

+ 


13-  25,  4 

1.  37,  1 

4,5 

4,7 

3,65 

0,6 


■  I  ■ » 


9°.  2Sl.  46" 
SS 


9.      9.    24.    19 
3.     \0.    13.  25,4 


S.    10.   11.  51,15 


241 
168 


404 


N».?. 


227 
456 


683 


N\s. 


123 
312 


455 


N».4. 


478 
27 


505 


49.     6,4 


Mean  Anomaly. 


•*  ■»■ 


*  Tiie  rea^nof  tUU  opt'ration  will  appear,  when  we  come  to  the  coDbtnictio'n  and  use  of  Ihc  Solar 
Tables.  '  -     . 
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With  this  true  longitude  and  obliquity  23^  27'.  48",4  of  the  ecliptic,  tlie  true 
right  ascension  of  the  sun  is  found  to  be  S'.  1 1^  S^.  4l",25 ;  also,  the  equation 
of  the  equinoxes  in  longitude  r:  *-*  0'',6 ;  hence^ 

The  mean  longitude  -        .        .        s*.  10°.  13'.  25",4 

^  of  -  o'',6      .         -        .         .         .  -     0,55 


Mean  lonjgitude  corrected         -        -        3.  10.  13.  24,85 
True  right  ascension         -        -        -        3.  11.     5.  41,25 

Equation  ...         -        -  52.  16, 4       which 

converted  into  time  gives  3'.  29%  1  the  true  equation  of  time  ;  which  must  be 
added  to  apparent. to  give  the  true  time,  because  the  true  right  ascension  is 
greater  than  the  mean  longitude. 

133.  The  sun*s  apogee  P  has  a  progressive  motion,  and  the  equinoctial 
points  AjLy  have  a  regressive  motion  ;  the  inclination  also  of  the  equator  to  the 
ecliptic  is  subject  to  a  constant  variation.  Hence,  the  same  Table  of  the  equa- 
tion of  time  cannot  continue  to  serve  for  the  same  degree  of  the  sun*s  longi- 
tude. Also,  the  sun^s  longitude  at  noon  at  the  same  place  is  different  for  the 
same  days  on  diflfei'ent  years,  and  it  is  &!*  apparent  noon  that  the  equation  is 
computed.  For  these  reasons,  the  equation  of  time  must  be  computed  anew 
for  every  year. 

1 34.  Whenever  it  is  required  to  make  any  calculations  from  Astronomical 
Tables,  and  the  time  given  is  apparent  time,  the  equation  of  time  must  be  ap- 
pUed  to  convert  it  into  mean  time,  and  for  that  time  the  computations  must  be 
made,  the  Tables  being  disposed  according  to  mean  motions.  Thus,  if  it  were 
required  to  iSnd  the  sun^s  place  on  any  day  at  apparent  noon,  the  equation  of 
time  that  day  at  apparent  noon  must  be  appUed  to  12  o'clock,  and  then  the 
sun's  place  computed  from  the  tables  for  that  time.  All  the  articles  in  the 
Nautical  Almanac  answering  to  noon,  are  computed  in  the  same  manner. 

135.  A  clock  adjusted  to  sidereal  time  begins  at  Oh.  0'.  O"  when  the  true 
equinox  A  is  upon  the  meridian ;  therefore  the  distance  of  the  meridian  from 
A  measiures  sidereal  time.  A  clock  adjusted  to, mean  solar  time  begins  at  Oh^ 
0\  O"  when  m  is  upon  the  meridian.  Let  a:*  be  a  point  of  the  equator  through 
^hich  the  meridian  passes  at  any  time,  then  As:  is  the  sidereal  time  ;  and  let  t 
be  the  place  of  the  imaginary  star  at  the  same  instant,  and  y  its  place  when 
fbe  meridian  cmncided  with  it ;  then  (132)  the  arc  at  is  the  measure  of  the 
time  from  the  mean  iioon*  Hence,  to  get  xt,  subtract  the  stints  mean  right 
ascenaon  Aif  in  time  at  noon  <m  the  given  day  from  the  time  ^^  sbowi!  fay  the 
sidereal  clock,  Mod  you  get  o^,  which  is^eiyrly  the  time  ^rfrom  fifieaft  nooii-^ 
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:ivs?»  >--^  >u>>u.wi  .\v%  d^*  *an's  mean  motion  in  right  ascension  in  tlie  interval 
M  s.*'  >:viet'edu  ;i:xv^  4aJ  you  have  art  the  time  from  mean  rioon  by  a  clock  ad- 
•v*i\\l  to  ivy.*ati  T^HJ^r  time.     To  liiciUtate  this  computation,  Dr.  Maskelyne  has 
^twri  :^^o  Iaiuos;  Table  XVII.  (Vol.  II.)  shows  the  mean  motion  of  the  sun  in 
It '>:  Asvvasiou  tl>r  eveiy  day  of  the  year  ;  Table  XVIII.  is  the  mean  motion  of 
1^0  su'*.  ta  n^rht  Asoension  in  time  to  hours  and  minutes  of  sidereal  time.  Hence, 
t;\*:r.  i!xo  SiJ:ir  Tables,  take  the  epoch  of  the  sun's  mean  longitude  for  the  year, 
aMvi  Ov^ncrt  it  nito  time,  and  add  it  to  the  time  in  Table  XVII,  corresponding 
ti^  x\\c  civon  day,  and  correct  it  by  Table  XIX,  and  it  gives  the  sun's  mean 
lonajituJo,  or  mean  right  ascension,  expressed  in  sidereal  time,  reckoned  from 
tho  true  equinox,  at  the  mean  noon  of  tlie  proposed  day :  Tliis  subtracted  from 
the  pri>jHxsed  sidereal  time,  gives  tlie  mean  time  nearly,  with  which  Table  XVIII. 
is  to  bo  iMitcred,  and  the  number  taken  out  of  it,  being  the  sun's  mean  motion 
.since  the  mean  noon,  subtracted  from  the  mean  time  found  nearly,  will  give 
the  mean  time  correct.     It  is  to  be  observed,  that  the  mean  time  found  nearly, 
or  before  it  is  corrected  by  Table  XVIII,  is  a  portion  of  sidereal  time,  being  the 
interval  by  the  clock  between  the  transit  of  the  imaginary  star,  and  the  pro- 
posed instant;  and  therefore  to  shorten  the  operation.  Table  XVIII.  is  made  to 
be  entered  with  sidereal  time,  instead  of  mean  time,  commonly  used  in  Astrono- 
niical  Tables.     Dr.  Maskelyne  also  gave  another  Table  of  the  epoch  of  the 
sun's  mean  right  ascension  in  time  for  the  beginning  of  the  year ;  but  as  that 
can  be  taken  from  our  Tables  of  the  sun's  motion,  the  mean  right  ascension 
and  mean  longitude  being  tlie  same,  it  is  not  here  given. 

Ex.  On  July  1,  1790,  the  time  by  the  sidereal  clock  was  11  A.  20'.  14",  to 
find  the  mean  solar  time. 

Epoch  of  sun's  AR.  1790  -         -  18//.  41'.  15",9 

Mean  mot.  in  AR.  to  July  5,  Tab.  XVII.      12.     13.  19,  3 
Equat.  equin.  Tab.  XIX.  -  .  •  +   0,66 

©  's  mean.  long,  at  mean  noon        -        -        6.     54.  35,  86 
Sidereal  time  given       -        -        -        -         11.     20.  14. 

Mean  time  nearly        •        .        -        *  4.     25.  38,14 

Cor.  by  Tab.  XVIII.  -        •        .  43, 5 

Mean  solar  time         -        -        -        .  4.     24.  54, 64 


Hence,  if  the  mean  solar  time  be  given,  for  instance,  4A.  24'.  54'',64,  we  may 
thus  find  the  sidereal  time.  To  get  the  correction  from  Table  X  VIII,  correspond- 
ing to  mean  time  nearly,  first  get  it  for  mean  solar  time,  which  is  42';,39,  and, 
add  it  tp  the  mean  solar  time,  and  we  have  4A.  25'.  37-',03,  which  is  very  near 
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what  we  call,  mean  time  nearly  j  corresponding  therefore  to  this  time,  take  out 
the  correction  from  Table  XVIII,  which  is  4S',5,  and  add  it  to  the  given  mean 
solar  time,  and  we  get  4A.  25'.  38",  14  correctly  for  what  we  call  mean  time 
nearly ;  add  this  to  6A,  54'.  35",86,  the  sun's  mean  longitude  at  noon,  and  it 
gives  11  A.  20'.  14"  the  sidereal  time  required. 

136.  Wlienever  the  time  is  computed  from  the  sun*s  altitude,  that  time  must 
be  apparent  time,  because  we  compute  it  fr*om  the  time  when  the  sun  comes  to 
the  meridian,  which  is  noon,  or  12  o'clock,  apparent  time.  Hence  also,  the 
time  shown  by  a  dial  is  apparent  time,  and  will  differ  from  the  time  shown  by 
a  well  regulated  watch  or  clock,  by  the  equation  of  time.  A  clock  or  watch 
may  therefore  be  regulated  by  a  good  dial,  by  applying  the  equation,  as  before 
directed,  to  the  apparent  time  shown  by  the  dial,  and  it  will  give  the  mean 
time,  or  that  which  the  clock  or  watch  ought  to  show. 

1 37.  Mr.  WoLL ASTON  has  proposed  to  regulate  a  watch  or  clock  by  a  dial 
constructed  to  show  mean  noon,  or  12  o'clock  by  a  watch  or  clock.  A  ray  of 
light  through  a  small  hole  being  let  into  a  dark  chamber  upon  the  floor,  draw 
a  meridian  upon  the  floor  corresponding  to  the  hole,  on  which  therefore  the 
sun's  rays  will  always  fall  when  the  sun  comes  to  the  meridian.  On  each  side 
of  this  line,  for  every  day  of  the  year,  make  a  point  where  the  image  of  the 
sun  is  at  12  o'clock  mean  time,  by  a  clock*  or  watch  regulated  for  that  purpose  j 
through  all  these  points  draw  a  curve,  and  then  you  may  regulate  your  clock 
or  watch  by  setting  it  to  12  when  the  image  of  the  sun  falls  on  that  curve.  To 
prevent  any  mistake,  put  the  months  against  the  different  parts  of  the  curve  on 
which  the  ray  falls  in  them.  Or  the  same  may  be  done  on  any  horizontal 
plane,  by  erecting  a  piece  of  brass,  and  making  a  small  hole  for  the  sun  to 
shine  through.  The  curve  may  also  be  laid  down  by  calculation,  as  Mr.  Wol- 
LASTON  has  shown  j  and  if  it  be  drawn  with  great  care,  it  will  be  sufficiently 
acciuate  for  regulating  all  common  clocks ;  and  it  lias  this  advantage  over  that 
of  correcting  them  by  a  common  sun  dial,  that  as  the  months  are  put  to  the 
curve,  you  cannot  easily  make  a  mistake ;  whereas,  in  applying  the  equation 
of  time  to  a  dial,  a  person,  ignorant  of  these  matters,  is  very  apt  to  apply  it 
wrong. 

138.  The  Equation  of  Time  was  known  to,  and  made  use  of  by  Ptolemy. 
Tycho  employed  only  one  part,  that  which  arises  from  the  unequal  motion  of 
the  sun  in  the  ecliptic  ;  but  Kepler  made  use  of  both  parts.  He  further  sus- 
pected,  that  there  was  a  tliird  cause  of  the  inequality  of  solar  days,  arising 
from  the  unequal  motion  of  the  earth  about  its  axis.  But  the  Equation  of 
Time,  as  now  computed,  was  not  generally  adopted  till  1672,  when  Flamstead 
published  a  Dissertation  upon  it,  at  the  end  of  the  works  of  IIorrox. 

VOL.    I.  H 


CHAP.  V. 

ON  THE  LENGTH  OF  THE  YEAR,  THE  PRECESSION  OF  THE  EQUINOXES  FROxM 

OBSERVATION,  AND  THE  OBLIQUITY  OF  THE  ECLIPTIC. 

Art.  1 39. 1'  ROM  comparing  the  sun*s  right  ascension  every  day  with  the  fixed 
stars  lying  to  the  east  and  west,  the  sun  is  found  constantly  to  recede  from  those 
on  the  west,  and  approach  to  those  on  the  east ;  and  the  interval  of  time  from 
its  leaving  any  fixed  star  till  it  returns  to  it  again  is  called  a  sidereal  year,  being 
the  time  in  which  the  sun  completes  its  revolution  amongst  the  fixed  stars,  or 
in  the  ecliptic.  But  the  sun,  after  it  leaves  either  of  the  equinoctial  points, 
returns  to  it  again  in  a  less  time  than  it  returns  to  the  same  fixed  star,  and  this 
interval  is  called  a  solar  or  tropical  year,  because  the  time  from  its  leaving  one 
equinox  till  it  returns  to  it,  is  the  same  as  from  one  tropic  till  it  comes  to  the 
same  again.     This  is  the  year  on  which  the  return  of  the  seasons  depends. 

On  the  Sidereal  Year. 

140.  To  find  the  length  of  a  sidereal  year.  On  any  day  take  the  difference 
between  the  sun's  right  ascension  when  it  passes  the  meridian  and  that  of  a 
fixed  star ;  and  when  the  sun  returns  to  the  same  part  of  the  heavens  the  next 
year,  compare  its  right  ascension  with  the  same  star  fi^r  two  days,  one  when 
their  difference  of  right  ascensions  is  less  and  the  other  when  greater  than  the 
difference  before  observed  ;  and  let  D  be  the  increase  of  the  sun's  right  ascen- 
sion in  this  interval  of  one  day  j  then  take  the  difference  (d)  between  the  dif- 
ferences of  the  sun's  and  star's  right  ascensions  on  the  first  of  these  two  days 
and  on  the  day  when  the  observation  was  made  the  year  before  ;  and  let  /  be 
equal  to  the  exact  time  between  the  transits  of  the  sun  over  the  meridian  on 
the  two  days ;  then  D  :  rf::  /  :  the  time  from  the  passage  of  the  sun  over  the 
meridian  on  the  first  day  to  the  instant  when  it  had  the  same  difference  of  right 
ascension  compared  with  the  star  which  it  had  the  year  before ;  the  interval 
between  these  two  times  gives  the  length  of  a  sidereal  year.  The  best  time  for 
these  observations  is  about  March  25,  June  20,  September  17,  December  20, 
the  sun's  motion  in  right  ascension  being  then  uniform.  Instead  of  observing 
the  difference  of  the  right  ascensions,  you  may  observe  that  of  their  longitudes. 
If  instead  of  repeating  the  second  observations  the  year  after,  there  be  an  iri- 
terval  of  several  years,  and  you  divide  the  observed  interval  of  time  when  the 
difference  of  their  right  ascensions  was  found  to  be  equal,  by  the  number  bf 
years,  you  will  have  the  length  of  a  sidereal  year  more  exact.  Or  the  length 
may  be  found  thus. 
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14K  Take  the  time  (t)  of  a  star's  transit  over  the  meridian  by  a  clock  ad- 
justed to  mean  solar  time ;  then  the  year  after,  take  the  time  again  on  two 
days,  one  (m)  when  it  passes  the  meridian  before^  and  the  other  (w)  after  the 
time  t;  then  m  —  n  :  m^t::  2Sh.  56'.  4" :  the  time  from  m  till  the  difference  be- 
tween the  star's  and  sun's  right  ascension  was  the  same  as  at  the  first  observa- 
tion ;  and  the  interval  of  these  two  times  is  the  length  of  a  sidereal  year.  Qw- 
wii*s  Elem.  (TAstron.  pag.  202. 

Ex.  On  April  1,  1669,  at  Oh.  S'.  47"  mean  solar  time,  M.  Picard  observed 
the  difference  between  the  sun's  longitude  and  that  of  Procyon  to  be  S\  8^  59'. 
36",  which  is  the  most  ancient  observation  of  this  kind  whose  accuracy  can  be 
depended  upon  j  see  Hist.  Celeste^  par  M.  le  Monnier^  pag.  37.  And  on  April 
2,  1745,  M.  de  la  Caille  found,  by  taking  their  difference  of  longitudes  on 
the  2d  and  Sd,  that  at  l  Ih.  10'.  45"  mean  solar  time,  the  difference  of  their 
longitudes  was  the  same  as  at  the  first  observation.  Now  as  the  sun's  revolu- 
tion  was  known  to  be  nearly  365  days,  it  is  manifest  that  it  had  made  in  this 
interval  76  complete  revolutions  in  respect  to  the  same  fixed  star  in  the  space 
of  76  years  Id.  1  Ih.  6'.  58".  But  in  these  76  years,  there  were  58  of  365  days, 
and  18  bissextiles  of  366  days ;  that  interval  therefore  contains  27759rf.  11//. 
6'.  58V  which  being  divided  by  76,  the  quotient  is  365d.  6h.  8'.  47"  the  length 
of  a  sidereal  year. 

Ex.  M.  Cassini  obseiTed  the  transit  of  Sinus  over  the  meridian  on  May  21, 
1717,  to  be  at  2A.  38'.  58";  on  May  21,  1718,  it  passed  at  2h.  40',  and  on  the 
22d  at  2h.  36';  to  find  the  length  of  the  sidereal  year. 

In  this  case  tz=:2h.  38'.  58",  vi  =  2h.  40',  w  =  2//.  36',  hence,  4'  :  1'.  2"::  23//. 
56'.  4"  :  6h.  10'.  59",  which  added  to  2h.  40'  the  time  it  passed  on  May  21,1718, 
gives  Sh.  50'.  59"  for  the  time  on  that  day  when  the  difference  between  the  sun's 
and  star's  right  ascensions  was  the  same  as  on  May  21,  1717.  Hence  this  in- 
terval  is  365d.  6h.  10'.  59"  for  the  length  of  a  sidereal  year.  The  mean  of  these 
two,  gives  the  length  S65d.  6h.  9'.  53".  But  the  length  of  a  sidereal  year  has 
generally  been  determined  from  the  lengtli  of  a  tropical  year,  found  as  we  shall 
now  proceed  to  explain. 

071  the  Tropical  Year. 

142.  Observe  the  meridian  altitude  (a)  of  the  sun  on  tlie  day  nearest  to  the 
equinox ;  then  the  next  year  take  its  meridian  altitude  on  two  following  days, 
one,  when  its  altitude  (m)  is  less  than  a,  and  the  next  when  its  altitude  (n)  is 
greater  than  a,  and  w  — m  is  the  increase  of  the  sun's  decUnation  in  24  hours ; 
hence,  n-^m  :  a  — wj::  24  lioiirs  :  the  interval  from  the  first  of  tlie  two  days  till 
the  SU0  l;ias  the  same  declination  as  at  the  observ^ation  the  year  before,  because 
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at  that  time  the  sun*s  declination  increases  uniformly.  Hence  we  find  the  time 
when  the  sun's  place  in  the  ecliptic  had  the  same  situation  in  respect  to  the 
equinoctial  points,  which  it  had  at  the  time  of  the  observation  the  year  before. 
Therefore  this  4th  term  being  added  to  the  number  of  days  between  the  two 
first  observations,  gives  the  length  of  a  tropical  year.  If  instead  of  repeating 
the  second  observation  the  next  year,  there  be  an  interval  of  several  years,  and 
you  divide  the  interval  between  the  times  when  the  declination  was  found  to  be 
the  same,  by  the  number  of  yeiars,  you  will  get  the  time  more  exactly.  Cas- 
sinFs  Ekm.  d^Astron.  pag.  204. 

Ex.  M.  Cassini  informs  us,  that  on  March  20,  1672,  his  Father  observed 
the  meridian  altitude  of  the  sun's  upper  limb  at  the  Royal  Ol)servatory  at  Paris, 
to  be  41°.  43';  and  on  March  20,  1716,  he  himself  observed  the  meridian  al- 
titude  of  the  upper  limb,  to  be  41^  27'.  10";  and  on  the  2l8t  to  be  41^  51'. 
Hence,  the  difference  of  the  two  latter  altitudes  was  23'.  50",  and  of  the  two 
former  15'.  50";  hence,  23'.  50"  :  15'.  50"::  24  hours  :  15A.  56'.  39";  therefore 
on  March  20,  1716,  at  \5h.  56'.  39"  the  sun's  declination  was  the  same  as  on 
March  20,  1672.  Now  the  interval  between  these  two  observations  was  44 
years,  of  which  34  consisted  of  365  days  each,  and  10  of  366  ;  therefore  the 
interval  in  days  was  16070;  hence,  the  whole  interval  between  the  equal  de- 
clinations was  16076  days  ISh.  56'.  39",  which  divided  by  44,  gives  365rf.  5h. 
49'.  0".  53'"  the  length  of  a  tropical  year  from  these  observations. 

But  when  we  determine  the  length  of  a  tropical  or  solar  year  from  the  times 
of  the  equinoxes,  it  will  want  a  correction  to  give  the  length  of  a  mean  tro- 
pical or  mean  solar  year ;  because,  from  the  motion  of  the  sun's  apogee,  the 
equation  of  the  orbit  at  the  equinox  is  not  the  same  in  different  years,  which 
will  affect  the  time  of  the  return  of  the  sun  to  the  same  mean  longitude  ;  and 
therefore  will  make  the  apparent  solar  year  different  from  the  mean  solar  year. 
This  correction  therefore  gives  the  time  that  would  have  elapsed  between  the 
equinoxes,  if  the  apogee  had  been  fixed  ;  this  is  called  the  mean  solar  year.  To 
apply  this  correction  to  the  last  Example,  we  proceed  thus. 

On  March  20,  1672,  the  place  of  the  sun's  apogee  was  Ss.  7°.  7'.  6"  by  CaiJ- 
siNi,  therefore  the  sun's  true  anomaly  was  85.  22°.  52'.  54";  from  which  we  find 
that  the  equation  of  the  center,  or  the  difference  between  the  true  and  mean 
anomaly,  was  1°.  54'.  42',  showing  how  much  the  true  anomaly  exceeds  the 
mean ;  subtract  this  from  O^,  0°.  O'.  O"  and  we  get  1 1.9.  28°.  5'.  18"  for  the  mean 
longitude  of  the  sun  at  the  time  of  the  equinox.  The  place  of  sun's  apogee 
on  March  20,  1716,  was  3^.  T.  52'.  23",  and  therefore  its  true  anomaly  was 
85.  22°.  T.  37",  from  which  the  equation  of  the  center  was  1°.  54'.  29",  which 
cubtracted  from  Os.  0°.  O'.  O"  gives  1  Is.  28°.  5'.  31"  for  the  mean  longitude  of  the 
fim  nt  the  equinox  in  1716.     Hence,  the  sun's  mean  place  at  the  equinox  in 
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the  spring  1716  is  greater  by  IS'  than  in  1672,  and  this  answers  to  5'.  16"  in 
time  J  in  this  interval  of  time  therefore  (44  years),  there  have  been  44  mean 
revolutions  +  5\  1 6";  and  consequently  44  apparent  solar  years  are  greater  by 
S!.  16"  than  44  mean  ;  divide  this  by  44,  the  number  of  years  in  the  interval, 
and  it  gives  7 '.  1 1 '  for  the  length  of  the  apparent  above  tlie  mean  solar  year. 
Now  the  length  of  the  apparent  solar  year  was  determined  to  be  S6Sd.  Sh.  49'. 
O".  33'"^  hence,  from  these  observations,  the  length  of  the  mean  solar  year  is 
365d.  5h.  48'.  53".  42 '. 

143.  The  length  of  a  tropical  year  may  also  be  found  by  observing  the  exact 
time  of  the  equinoxes.  To  do  this  we  must  previously  know  the  latitude  of 
the  place,  from  which  we  shall  know  the  altitude  of  the  point  of  the  equator 
on  the  meridian,  it  being  equal  (87)  to  tlie  complement  of  latitude.  Take 
the  meridian  altitude  of  the  sun's  center  on  two  days,  one  when  it  is  less  than 
the  complement  of  latitude  and  the  other  when  greater ;  then  the  sun  must 
have  passed  the  equator  in  the  intermediate  time.  Take  the  difference  (i))  be* 
tween  these  altitudes  .and  it  gives  the  increase  of  the  sun's  declination  in  24 
hours  ;  take  also  the  difference  (rf)  between  the  altitude  on  the  first  day  and 
the  complement  of  latitude,  and  then  say,  D  :  d\\  24 hours  :  to  the  time  from 
noon  on  the  first  day  till  the  sun  came  to  the  equator.  Repeat  this  when  the 
sun  returns  to  the  same  equinox,  and  the  interval  of  the  times  gives  the  length 
of  a  tropical  year.  If  an  interval  of  several  years  be  taken,  and  you  divide 
by  the  number,  it  will  give  the  time  more  accurately.  If  we  take  a  difference 
of  two  days,  the  third  term  must  be  48/i.  The  same  may  be  done  by  one  ob- 
servation, if  we  know  the  rate  at  which  the  sun  changes  its  declination  in  24 
hours,  which  at  the  equinox  in  spring  time  is  found,  by  the  mean  of  a  great 
number  of  observations,  to  be  28'.  40",  and  in  the  autumn  to  be  23'.  28". 
CassinVs  Elem.  d'Astr.  pag.  207. 

Ex.  On  March  20,  1 672,  the  sun's  meridian  altitude  at  the  Royal  Observa- 
tory at  Paris  was  observed  to  be  41*^.  25'.  56",  from  which  subtract  41^  9'.  50" 
the  meridian  altitude  of  the  equator,  and  there  remains  16'.  6"  for  the  sun's  de- 
clination; hence,  23'.  40"  :  16'.  6"::  24  hours  :  16A.  19',  the  sun's  distance  in 
time  from  the  equinox,  which,  as  the  sun  was  past  the  equinox,  subtracted 
from  the  20th  gives  the  19th  day  7A.  41'  for  the  time  of  the  equinox.  And  in 
1731  the  time  of  the  equinox  was  found,  in  the  same  manner,  to  be  on  Mar. 
20,  at  I4h.  45'.  In  this  interval  of  59  years  there  were  13  bissextiles,  and  con- 
sequently the  whole  number  of  days  in  the  59  yeai-s  was  21548,  and  therefore 
the  whole  interval  between  the  two  equinoxes  was  21549rf.  7A.  4',  which  di- 
vided by  59  gives  the  length  of  the  apparent  solar  year  36Sd.  Sh.  48'.  53"j  from 
this  subtract  7",  the  variation  of  the  equation  of  the  orbit  in  the  interval  of  the 
observations,  and  we  have  the  mean  length  of  the  solar  year  36Bd.  Sh.  48'.  46". 
The  interval  has  here  been  taken  between  the  tme  equinoxes,  wheireaB  we  want 
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to  get  the  length  of  a  tropical  year  between  the  mean  equinoxes  in  order  to  get 
the  length  of  a  mean  tropical  year.  But  in  taking  a  long  interval  of  time, 
the  difference,  whether  we  take  the  true  or  mean  equinox,  will  be  insensible. 
Another  correction  might  also  be  added,  when  we  compare  the  modern  ob- 
servations with  the  ancient  ones,  on  account  of  the  precession  of  tlie  equi- 
noxes being  greater  now  than  it  was  then.  From  tlie  modem  observations  the 
length  of  a  mean  solar  year  appears  to  be  2",6  less  than  that  which  is  deduced 
from  comparing  the  same  observations  with  those  of  Hipparchus. 

144.  As  the  sun's  decUnation  at  the  equinoxes  changes  about  24'  in  24  hours, 
an  error  of  10'.'  in  the  altitude  of  the  sun  will  cause  an  error  of  10  minutes  in 
the  determination  of  the  time  of  the  equinox,  and  consequently  tlie  same  error 
in  the  length  of  the  year,  if  it  were  determined  by  2  observations  at  the  in- 
terval only  of  1  year;  but  if  the  interval  were  60  years,  the  error  would  be 
only  10  seconds.  As  the  accuracy  therefore  is  very  much  increased  by  taking 
a  long  interval,  let  us  compare  the  most  ancient-  observations  with  the  mo^ 
dem  ones. 

Hipparchus,  in  the  year  145  before  J.  C.  found  the  time  of  the  equinox 
to  be  on  March  24,  at  llh.  55'  in  the  morning  at  Alexandria.  In  the  year 
1735,  at  the  Royal  Observatory  at  Paris  the  time  of  the  equinox  was  found  to 
be  on  March  20,  at  14A.  20'.  40".  Now  the  difference  of  the  meridians  be- 
tween Paris  and  Alexandria  is,  in  time,  \h.  51'.  46",  which,  as  Alexandria  lies 
to  the  east  of  Paris,  being  added  to  14A.  20'.  40'  gives  16A.  12'.  26"  the  time 
at  Alexandria.  Reduce  tliis  time  to  the  Julian  year,  by  subtracting  1 1  days  by 
which  the  Gregorian  is  before  the  Juhan,  and  we  have  the  time  of  the  equinox 
by  this  style,  on  March  10,  at  4A.  12'.  26"  in  the  morning.  Between  these 
two  observations  there  was  an  interval  of  1880  Julian  years,  except  14fl?.  7//. 
42'.  34".  In  these  years  there  were  470  bivssextiles  and  the  rest  common  Julian 
years  of  365  days.  Tlierefore  if  we  divide  I4d.  Th.  42'.  34"  by  1880  it  gives 
10'.  58".  10",  showing  how  much  the  apparent  solar  year  is  less  than  365  days 
6  hours;  hence,  the  length  of  the  apparent  soIslt  yesLT  is  365^.  5h.  49'.  1".  50'", 
to  wliich  add  6".  30'",  being  what  the  apparent  is  less  than  the  mea;ji  solar  year, 
found  as  before,  and  we  get  365(1.  5h.  49'.  8".  20'"  the  lengtli  of  the  mean  solar 
year  from  these  observations,  llie  mean  of  10  results  from  different  observa- 
tions made  by  Hipparchus,  compared  with  the  modern  ones,  gives  the  length 
of  the  mean  solar  year  365rf.  5h.  48'.  49". 
fig.  V  145.  The  length  of  the  year  may  also  be  found  by  finding  the  time  when 
25.  the  sun  comes  to  the  tropic.  For  let  ADL  be  the  equator,  ASL  the  ecliptic, 
A  aries;  find  the  time  (119)  when  the  sun  has  tlie  same  declination  wt;,  wa?  on 
each  side,  of  the  tropic  5,  and  at  the  same  times  find  also  the  differences  of  its 
right  ascension  and  that  of  a  fixed  star  s,  the  sum  or  difference  of  which  wj?, 
vz^  according  to  .the  .position  off  z^  measures  the  motion  vw  of  the  sun  in  right 
ascen^iion^.tb^  half  qI. which  is  wD  (SD^  sz  being  perpendicular  to  ALJ; 
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hence  we  shall  get  Dz  which  is  equal  to  wD^wz.  Now  to  find  when  the 
«un  comes  to  Z>,  observe  its  right  ascension  at  x^  either  the  day  before  or  day- 
after  the  solstice,  compared  with  the  same  star,  and  you  have  xz^  the  differ- 
ence between  which  and  Dz^  is  Dx.  Observe  also  the  increase  (d)  of  the 
sun's  right  ascension  at  that  time  in  24  hours;  then  d  :  a:D:\  24h  :  the  time  of 
the  passage  of  the  sun  from  x  to  D,  which  added  to  or  subtracted  from  the  time 
at  *r,  according  as  vx  is  less  or  greater  than  vD^  gives  the  time  when  the  sun 
in  right  ascension  is  at  jD,  or  when  it  is  in  the  solstice  S.  Cassini^s  Elem. 
ffAstron.  pag.  238. 

Ex.  According  to  Cassini  on  May  29,  1737,  the  altitude  of  the  sun's  up- 
per limb,  when  it  passed  the  meridian,  was  63°,  6'.  On  July  14,  its  altitude 
on  the  meridian  was  63.  7',  and  on  the  15th  it  was  62°.  57'.  S5"'y  it  was  there- 
fore diminished  9'.  25'  in  one  day,  and  on  the  14th  its  altitude  was  1'  greater 
than  on  May  29;  hence  9'.  25"  :  l' : :  24A.  :  2 A.  32'.  55" \  which  added  to  the  14th 
gives  2/i.  32'.  55"  for  the  time  when  the  altitude,  and  consequently  the  declina- 
tion, was  the  same  as  on  May  29.  On  the  same  May  29,  the  difference  vz  of  ' 
the  right  ascension  of  the  sun  and  Sirim  was  32^  9'.  8".  On  July  14,  the  differ- 
ence was  15°.  16'.  4"  when  the  sun  was  on  the  meridian;  and  as  the  increase  of 
the  sun*s  right  ascension  was  then  1°.  0'.  45"  in  24  hours,  we  have  24//.  :  2}i.  32'. 
55"  y.  1°.  O'.  45'  :  6'  :  40",  which  added  to  15°.  16'.  4"  gives  zw- 15°.  22'.  44"  the 
difference  of  the  right  ascensions  of  the  sun  and  Sirius  on  July  14,  at  2h.  32.  55". 
But  as  Sirius  passed  the  meridian  before  the  sun,  z  in  this  case  will  fall  between 
D  and  «;,  and  therefore  vwz=,vz-^zW'=.^T.  31'.  52",  hence,  Dw=z2S^.  4f5\  56" y 
from  which  take  zw  and  we  get  Z)js=8°.  23'.  12"  the  distance  of  Sirius  in  right 
ascension  from  the  solstice.  Now  on  June  21,  Sirius  passed  the  meridian  at 
Oh.  S3'.  34",  at  which  time  the  difference  zx  of  its  right  ascension  and  that 
of  the  sun  was  8°.  23'.  30",  and  consequently  j:jD=  18",  showing  what  the 
sun  wants  in  right  ascension  of  the  solstice.  Now  taking  the  increase  of  the 
sun's  right  ascension  at  that  time  to  be  62',25  in  24  hours,  we  have  62',25  : 
18"::24A.  6'.  56",  which  added  to  Oh.  33'.  34"  gives  OA.  40'.  30"  on  the  21st 
for  the  time  of  the  solstice.  Hence,  by  finding  the  interval  of  two  solstices, 
we  get  the  length  of  a  tropical  year.  After  getting  the  apparent  solar  year, 
we  get  the  mean  solar  year,  by  applying  to  it  the  variation  of  the  equation 
of  the  center,  for  the  same  reason  that  we  made  a  similar  correction  at  the 
equinoxes. 

M.  Cassini,  by  comparing  a  solstice  observed  at  Athens  on  June  27,  431 
years  before  J.  C.  with  one  observed  at  Paris  on  June  21,  1717,  found  the 
length  of  a  mean  solar  year  to  be  365rf.  5k.  49'.  48".  39"'.  By  comparing  one 
observed  at  Alexandria  on  June  24,  140  years  after  J.  C.  with  one  observed  at 
Paris  on  June  20, 1732,  the  length  was  found  365d.  5h.  47'.  36".     By  sdstices 
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observed  at  Nuremberg  in  1487,  1493,  1498, 150S,  and  one  at  Paris  on  1731^ 
the  length  is  found  to  be  S65d.  5h.  48'.  31".  By  comparing  14  solstices  ob- 
served at  Uranibourg  with  as  many  observed  at  Paris,  he  found  the  length  of 
the  mean  solar  year  to  be  S65d.  5h.  48'.  52".  The  accuracy  of  these  observ- 
ations appears  firom  hence,  that  of  the  14  determinations,  only  1  differed  80% 
I  differed  15%  1  differed  11",  and  all  the  others  less. 

If  we  take  a  mean  of  all  the  mean  solar  years  as  determined  by  Cassihi 
from  the  equinoxes,  leaving  out  2  which  differ  very  much  from  all  the  rest, 
we  have  the  length  of  a  mean  solar  year  S65d.  5h.  48'.  51"^.  If  we  do  the 
same  by  those  determined  from  the  solstices,  the  length  comes  out  S6Sd.  Sh. 
48'.  42"^  J  the  mean  of  which  gives  SQSd.  5h.  48'.  47"  the  length  of  a  mean  solar 
year. 

146.  M.  de  la  Lande,  in  a  Piece  entitled  Memoire  sur  In  veritable  Longueur 
de  P  ArmSe  Astronomqiie^  which  gained  the  prize  proposed  by  the  Royal  Society 
at  Copenhagen  for  the  year  1780,  has,  by  comparing  a  great  number  of  the 
most  distant  observations,  and  those  which  could  be  most  depended  upon  for 
their  accuracy,  determined  the  length  of  tlie  mean  solar  year  to  be  365df.  Sh. 
48'.  48",  differing  only  l"  from  our  determination  from  Cassini. 

To  find  the  Precession  of  the  Equinoxes  from  Observation. 

147.  The  sun  returning  to  the  equinox  every  year  before  it  returns  to  the 
same  point  of  the  Heavens,  shows  that  the  equinoctial  points  have  a  retrograde 
motion,  which,  as  we  shall  prove,  arises  from  the  motion  of  tlie  equator, 
caused  by  the  attraction  of  the  sun  and  moon  upon  the  earth  in  consequence 
of  its  spheroidical  figure.  The  effect  of  this  is,  that  the  longitude  of  the  stars 
must  constantly  increase;  and  hence  by  comparing  the  longitude  of  the  same 
stars  at  different  times,  the  motion  of  the  equinoctial  points,  or  the  precession 
of  the  equinoxes,  may  be  found. 

148.  HiPPARCHUs  was  the  first  person  who  observed  this  motion,  by  com- 
paring his  own  observations  with  tliose  which  Timocharis  made  155  years 
before.  From  this  he  judged  the  motion  to  be  one  degree  in  about  100  years ; 
but  he  doubted  whether  the  observations  of  Timocharis  were  accurate  enough 
to  deduce  any  conclusion  to  be  depended  upon.  In  the  year  128  before  J.  C 
he  found  tlie  longitude  of  Virgin's  Spike  to  be  5s.  24^;  and  in  the  year  1750 
its  longitude  was  found  to  be  Qs.  20°.  21',  the  difference  of  which  is  26^  21'. 
In  the  same  year  he  found  die  longitude  of  the  Lion's  Heart  to  be  3^.  29*^. 
50';  and  in  1750  it  was  45.  26^  21',  the  difference  of  which  is  26°.  81'.  The 
mean  of  these  two  gives  26°.  26'  for  the  increase  of  longitude  in  1878  years, 
or  50".  40"'  in  a  year,  for  the  precession.  By  comparing  the  observations  of 
d'ALBATEONius  in  the  year  878  \vith  tliose  made  in  1738,  the  precession  appears 
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to  be  51".  9'".  From  a  comparison  of  15  observations  of  Tycho  with  as  many 
made  by  M.  de  la  Caille,  the  precession  is  found  to  be  50".  20'".  But  M.  de 
la  Lande,  from  the  observations  of  M.  de  la  Caille  compared  with  those  in 
Flamstead*s  Catalogue,  determines  the  secular  precession  to  be  T.  23'.  45",  or 
50^25  in  a  year. 

149.  The  precession  being  given,  and  also  the  length  of  a  tropical  year,  tlie 
length  of  a  sidereal  year  may  be  found  by  this  proportion;  360''  — 50",25  : 
360°.::  S65d.  5h.  48'.  48"  :  365rf.  6h.  9'.  ll"^  the  length  of  the  sidereal  year. 

On  the  Anomalistic  Year. 

150.  The  year,  called  the  anomalistic  year,  is  sometimes  used  by  Astrono- 
mers, and  is  the  time  from  the  sun's  leaving  its  apogee  till  it  returns  to  it. 
Now  the  motion  of  the  sun's  apogee  is  1'.  2"  every  year,  in  longitude,  or  in 
respect  to  the  equinox,  according  to  M.  de  la  Lande:  therefore  l'.  2"  — 50",25 
=  1 1",75  the  progressive  motion  of  the  apogee  in  a  year,  and  hence  the  ano- 
malistic must  be  longer  than  the  sidereal  year  by  iJie  time  the  sun  takes  in 
moving  over  ll",75  of  longitude  at  his  apogee;  but  when  the  sun  is  in  it^ 
apogee,  its  motion  in  longitude  is  58'.  13"  in  24  hours;  hence,  58'.  13"  :  11",75 
::24  hours  :  4'.  50"^,  which  added  to  365fi?.  6 A.  9'.  1  if  gives  365rf.  6A.  14'^ 
2''i  for  the  length  of  the  anomalistic  year.  M.  de  la  Lande  determined  tliis 
motion  of  the  apogee,  from  the  observations  of  M.  de  la  Hire  and  those  of 
Dr.  Maskelyne.  Cassini  made  it  the  same.  Mayer  made  it  l'.  6"  in  his 
Tables. 

On  the  Obliquity  of  the  Ecliptic. 

151.  The  method  used  by  Astronomers  to  determine  the  obliquity  of  the 
ecliptic  is  that  explained  in  Art.  86.  by  taking  half  tlie  difference  of  the 
greatest  and  least  meridian  altitudes  of  the  sun.  The  following  is  the  obliquity 
as  determined  by  different  Astronomers. 

Eratosthenes  230  years  before  J.  C.  23°.  51'.  20" 

HipPARCHUs  140  years  before  J.  C.     -  23  .  51  .  20 

Ptolemy  140  years  after  3.  C.        -         -  23  .  51  .  10 

Pappus  in  the  year  390     -        -        -  23  .  30 .    o 

Albategnius  in  880     -         -         -         -  23  .  35  .  40 

Arzachel  in  1070   -        -        -        -  23  .  34 .    O 

Prophatius  in  1300     -         -         -         -  23  .  32 .    O 

Regiomontanus  in  1460  -         -         -  23  .  30  •    O 

Copernicus  in  1500    -        *        -        -  23  •  28 .  24 

Waltherus  in  1490         -         -         -  23  •  29  .  47 

Tycho  in  1587 23  .  29 .  SO 

vol.  I.  I 
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Cassini  (the  Father)  in  1656  -         -         23°.  29'.    2" 
Cassini  (the  Son)  in  1672     -         -         -     23  .  28 .  54 

Flamstead  in  1690  -  -         -         23  .  28.  48 

De  la  Caille  in  1750  -         -         -     23  .  28.  19 

Dr.  Bradley  in  1750         -  -         -         23  .  28.  18 

Mayer  in  1750 23  .  28.  18 

Dr.  Maskelyne  in  1769    -  -         -         23  .  28.    8,5 
M.  de  la  Lande  in  1786        -         -         -     23  .  28.    O 

The  observations  of  Albategnius,  an  Arabian,  are  here  corrected  for  re- 
fraction. Those  of  Waltherus,  M.  de  la  Caille  computed.  The  obliquity 
by  Tycho  is  here  put  down  as  correctly  computed  from  his  observations. 
Also  the  obliquity,  as  determined  by  Flamstead,  is  corrected  for  the  nutation 
of  the  earth's  axis.     These  corrections  M.  de  la  Lande  applied. 

152.  It  is  manifest  from  the  above  observations,  that  the  obliquity  of  the 
ecliptic  keeps  diminishing;  and  the  irregularity  which  here  appears  in  the  dimi- 
nution we  may  ascribe  to  the  inaccuracy  of  the  ancient  observations,  as  we 
know  that  they  are  subject  to  greater  errors  than  tlie  irr^ularity  of  this  varia- 
tion. If  we  compare  the  first  and  last  observations,  tliey  give  a  diminution  of 
70'  in  100  years.  If  we  compare  the  last  with  that  of  Tycho,  it  gives  45\ 
The  last  compared  with  that  of  Flamstead  gives  50".  If  we  compare  that  of 
Dr.  Maskelyne  with  Dr.  Bradley's  and  Mayer's  it  gives  5Q".  The  compari- 
son of  Dr.  Maskelyne's  determination,  with  that  of  M.  de  la  Lande,  which 
he  took  as  the  mean  of  several  results,  gives  50".  We  may  therefore  state  the 
secular  diminution  of  the  obUquity  of  the  ecliptic,  at  this  time,  to  be  50",  as  de- 
termined from  the  most  accurate  obsei-vations.  This  result  agrees  very  well 
with  that  deduced  from  theory,  as  will  be  shown  when  we  come  to  treat  of  the 
physical  cause  of  this  diminution.  It  must  however  be  observed,  that  some 
eminent  Astronomers  use  50",25. 


CHAP-    VI. 

ON  PARALLAX. 

Art.  153.  The  center  of  the  earth  describes  that  circle  in  the  Heavens 
which  is  called  the  ecliptic;  but  as  the  same  object  would  appear  in  different 
positions  in  respect  to  this  circle,  when  seen  from  the  center  and  surface. 
Astronomers  always  reduce  their  observations  to  what  they  would  have  been, 
if  they  had  been  made  at  the  center  of  the  earth,  in  consequence  of  which, 
the  places  of  the  heavenly  bodies  are  computed  as  seen  from  the  ecliptic,  and 
it  becomes  a  fixed  point  for  that  purpose,  on  whatever  part  of  the  earth's  sur- 
fece  the  observations  arc  made. 

154.  Let  Cbe  the  center  of  the  earth,  A  the  place  of  the  spectator  on  its      fig. 
surface,  5  any  object,  ZH  the  sphere  of  the  fixed  stars,  to  which  the  places  of      26. 
all  the  bodies  in  our  system  are  referred;  Zthe  zenith,  H  the  horizon;  draw 
CSniy  ASriy  and  m  is  the  place  seen  from  the  center,  and  7i  from  the   sur- 
face.    Now  the  plane  SAC  passing  through  the  center  of  Ihe  earth  must  be 
perpendicular  to  its  surface,  and  consequently  it  will  pass  through  the  zenith 

Z;  and  the  points  /w,  n  lying  in  the  same  plane,  the  arc  of  parallax  mn  must 
lie  in  a  circle  perpendicular  to  the  horizon,  and  hence  the  azimuth  is  not 
^ected,  if  the  earth  be  a  sphere.  Now  the  parallax  mn  is  measured  by  the 
angle  mSn  or  ASC^  and  by  trig.  CS  :  CA::  sin.  SAC  or  SAZ  :  sin.  ASC  the 

parallax  = »  ^^' U     As  CA  is  constant,  supposing  the  earth  to  be  a 

sphere,  the  sine  of  tlie  parallax  varies  as  the  sine  of  the  apparent  zenith  distance 
directly,  and  the  distance  of  the  body  from  the  center  of  the  earth  inversely. 
Hence,  a  body  in  the  zenith  has  no  parallax,  and  at  s  in  the  horizon  it  is 
the  greatest.  If  the  object  be  at  an  indefinitely  great  distance,  it  has  no  pa- 
rallax; hence  the  apparent  places  of  the  fixed  stars  are  not  altered  by  it.  As 
n  is  the  apparent  place,  and  m  is  called  the  true  place,  the  parallax  depresses 
an  object:  in  a  vertical  circle.  For  the  same  body  at  different  altitudes,  the 
parallax  varies  as  the  sine  (.s)  of  the  apparent  zenith  distance;  therefore  if  jp=: 
the  horizontal  parallax,  and  radius  be  unity,  the  sine  of  the  parallax  =jo5. 
To  ascertain  therefore  the  parallax  at  all  altitudes,  we  must  first  find  it  at 
some  given  altitude. 

155.  First  method,  for  the  sun.  Aristarchus  proposed  to  find  the  sun's 
parallax,  by  observing  its  elongation  from  the  moon  at  the  instant  it  is  dicho- 
tomized, at  which  time  the  angle  at  the  moon  is  a  right  angle;  therefore  we 
should  know  the  angle  which  the  distance  of  the  moon  subtends  at  the  sun; 
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which  diminished  in  tlie  ratio  of  the  moon's  distance  from  the  earth's  center 
to  the  radius  of  the  earth,  would  give  the  sun's  horizontal  parallax.  But  a 
very  small  error  in  the  time  when  the  moon  is  dichotomized,  (and  it  is  impos- 
sible to  be  very  accurate  in  this)  will  make  so  very  great  an  error  in  the  sun's 
parallax,  that  nothing  can  be  depended  upon  from  it.  Vexdelinus  deter- 
mined the  angle  of  elongation  when  the  moon  was  dichotomized  to  be  89^  45', 
from  which  the  sun*s  parallax  was  found  to  be  15".  But  P.  RiccioLi  found 
it  to  be  28"  or  30"  from  like  observations. 
^iG.  156.  Second  method.     Hipparchus  proposed  to  find  the  sun's  parallax  from 

^ '•  a  lunar  ecHpse,  by  the  following  method.  Let  S  be  the  sun,  E  the  earth, 
Ev  the  length  of  its  shadow,  mr  the  path  of  the  moon  in  a  central  eclipse. 
Observe  the  length  of  this  eclipse,  and  then,  from  knowing  the  periodic 
time  of  the  moon,  the  angle  mEr^  and  consequently  WjEr,  will  be  known. 
Now  the  horizontal  parallax  ErB  of  the  moon  being  known,  we  have  the  angle 
EvrzzErB-^nEr;  hence  we  know  EABziAES-^Evr^iAES'-ErB-^nEr; 
that  is,  the  sun's  horizontal  parallax  =  the  apparent  semidiameter  of  the  sun  — 
the  horizontal  parallax  of  the  moon  +  the  semidiameter  of  the  earth's  shadow 
where  the  moon  passes  through.  The  objection  to  this  method  is,  the  great 
difficulty  of  determining  the  angle  nEr  with  sufficient  accuracy ;  for  any  error 
in  that  angle  will  make  the  same  error  in  the  sun's  parallax,  the  otlier  quan- 
tities remaining  the  same.  By  this  method  Ptolemy  made  the  sun's  horizon- 
tal parallax  2'.  50'.     Tycho  made  it  S'. 

157.  jf/rirrf  method,  for  the  moon.  Take  the  meridian  altitudes  of  the  moon, 
when  it  is  at  its  greatest  north  and  south  latitudes,  and  correct  them  for  refrac- 
tion ;  then  the  difference  of  the  altitudes,  thus  corrected,  would  be  equal  to  the 
sum  of  the  two  latitudes  of  the  moon,  if  there  were  no  parallax;  consequently 
the  difference  between  the  sum  of  the  two  latitudes  and  the  difference  of  the 
altitudes  will  be  the  difference  between  the  parallaxes  at  the  two  altitudes. 
Now  to  find  from  thence  the  parallax  itself,  let  Sj  s  be  the  sines  of  the  greatest 
and  least  apparent  zenith  distances,  P,  p  the  sines  of  the  corresponding  paral- 
laxes; then  as,  when  the  distance  is  given,  the  parallax  varies  (154)  as  the  sine 

of  the   zenith   distance,   S  :  s::P  :  p^  hence,  S^s  :  s\\P--p  :  p=    ^  •  "^-P 

the  parallax  at  the  greatest  altitude.  This  supposes  that  the  moon  is  at  the 
same  distance  in  both  cases;  but  as  tliis  will  not  necessarily  happen,  we  must 
correct  one  of  the  observations  in  order  to  reduce  it  to  what  it  would  have  been, 
had  the  distance  been  the  same.  If  the  observations  be  made  in  those  places 
where  the  moon  passes  through  the  zenith  in  one  of  the  observations,  the 
ditKerence  between  the  sum  of  the  two  latitudes  and  the  zenith  distance  at  the 
other  observation,  will  be  the  parallax  at  that  altitude. 
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158.  Fourth  method.      Let  a  body  P  be  observed  from  two  places  Ay  B  in      fig. 
the  same  meridian,  then  the  whole  angle  AP3is  the  effect  of  parallax  between       28. 
the  two  places.     The  parallax  (154)  APCzzhor.  par.  x  sin.  PAL^  taking  APC 
for  sin.  APC^  and  the  parallax  BPC:^  hor.  par.  x  sin.  PBM;  hence  hor.  par.  x 
sin.  P-4L  + sin.  PBM=:APBy.'.hor.  par.  =:APB  divided  by  the  sum  of  these 
two  sines.     If  the  two  places  be  not  in  the  same  meridian  it  does  not  signify, 
provided  we  know  how  much  the  altitude  varies  from  the  change  of  dechna- 
tion  of  the  body  in  the  interval  of  the  passages  over  the  meridians. 

Ex.  On  Oct  5,  1751,  M.  de  la  Caille,  at  the  Cape  of  Good  Hope,  ob- 
served Mars  to  be  T.  25",8  below  the  parallel  of  x  in  aquarius,  and  at  25°  dis- 
tance from  the  zenith.  On  the  same  day  at  Stockholm,  Mars  was  observed  to 
be  l'.  57",7  below  the  parallel  of  x  and  at  68°.  14'  zenith  distance.  Hence  the 
angle  APB  is  3l",9,  and  the  sines  of  tlie  zenith  distances  being  0,4226  and 
0,9287,  the  horizontal  parallax  was  23",6.  Hence,  if  the  ratio  of  the  distance 
of  the  earth  from  Mars  to  its  distance  from  the  sun  be  found,  we  shall  have  the 
sun*s  horizontal  parallax.  Now  from  comparing  the  altitudes  of  the  northern 
limb  of  Mars  with  stars  nearly  in  the  same  parallel  observed  on  the  same  days 
at  the  Cape  and  at  Greenwich,  Bologna,  Paris,  Stockholm,  Upsal,  Hemosand^ 
the  mean  of  the  whole  gave  10",2  for  the  horizontal  parallax  of  the  sun  ;  and 
rejecting  those  results  which  differed  the  most  from  the  rest,  the  mean  was  9", 
842.  From  tlie  mean  of  another  set  of  observ^ations,  the  result  was  9",575. 
From  the  mean  of  several  observations  on  Venus  made  in  Uke  manner,  the  pa- 
rallax came  out  10",38.  The  mean  of  the  three  last  gives  9",93  for  the  hori- 
zontal parallax  of  the  sun.  Flamstead,  from  an  observation  on  Mars,  con- 
cluded the  sun's  parallax  could  not  be  more  than  10^.  Maraldi  found  the 
same.  From  the  observations  of  Pound,  and  Dr.  Bradley,  Dn  Halley  found 
it  never  greater  than  12"  nor  less  than  9".  Cassini,  from  his  observations  on 
Mars,  found  it  to  be  between  11"  and  15".  But  the  most  accurate  method  of 
determining  the  sun's  parallax  is  from  the  transit  of  Venus  over  its  disc,  as  will 
be  explained  when  we  treat  on  that  subject. 

159.  If  the  earth  be  a  spheroid,  let  E  be  the  equator;  draw  GAv,  HBr 
perpendicular  to  the  surface,  and  compute  the  angles  CAv  or  LAG,  and  CB^ 
or  MBH  by  the  Rule  which  we  shall  give,  when  we  treat  of  the  figure  of  the 
earth ;  subtract  these  from  the  observed  zenith  distances  PAG,  PBH,  and  yre 
have  the  angles  PAL,  PBM.  Now  CP  :  CA::  sin.  GAP  or  PAL  :  sin. 
CA  ^  sin  PAT 

APC=- — — —i   also,  CP  :  CB::  sin.  CBP  or  PBM  ;  sin.  BPCzz 

~rp '  ^^^  ^  ^^^^  parallax  is  very  small,  the  sum  of  the  two.  sines 

will  be  very  nearly  the  sine  of  the  sum,   therefore  tlie  sine  of  APB=.z 
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CA  X  sin. PAL  -h C^  x  sin^P^M  CA  x  sin.PAL+CBxsin.PBM 

CP  '  *'^''''^'  ^^=  SHTZpH  • 

FIG.  1 60.  Fifih  method.     Let  EQ  be  the  equator,  P  its  pole,  Z  the  zenith,  t; 

29.  the  true  pkce  of  the  body  and  r  the  apparent  place  as  depressed  by  parallax  in 
the  vertical  circle  ZK^  and  draw  the  secondaries  Pl;a,  Prb  ;  then  ab  is  the  pa- 
rallax in  right  ascension,  and  rs  in  declination.  Now  vr  :  vs::l  (rad.)  :  sin.  vrs 
or  ZvP^  and  vs  ;  a6::cos.  t;a  :  1  (13);  hence,  vr  :  a6::cos.  t;a  :  sin.  ZvP^.\ 

vr  X  sin.  ZvP   ,  .  .        r^ ,       n        i  .r,,  .       * 

ab-=, : ;  but  vrzzhor.  par.  x  sin.  vZ  (164),  and(Tng.  Art.  221.)  sm. 

COS.  VCt' 
r^  ^        rwy^  '  rrr^  '  rr^        siu.   ZP  X  Slu.  ZPt/        ,  ^  •  ,        . 

vZ  :  sin.zP::sin.  ZPv  :  sin.  ZvP=. : 5; ,  therefore  by  substitu- 

sin.  vZ  '  •' 

,     hor.  par.  x  sin.  ZP  x  sin.  ZPt;      tt  /»      ,  1  « 

tion,  aftin: ^_^  ^^ .     Hence  for  the  same  star,  where  the 

COS.    VOr 

hor.  par.  is  given,  the  parallax  in  right  ascension  varies  as  the  sine  of  the  hour 

ab  X  cos.  va 
angle,     -^^so  the  Aor.  jp^r.  =:•-- ^p  ~  g.---^p-.     For  the  eastern  hemisphere, 

the  apparent  place  b  lies  on  the  equator  to  the  east  of  a  the  true  place,  and 
therefore  the  right  ascension  is  diminished  by  parallax  ;  but  in  the  western  he- 
misphere, b  lies  to  the  west  of  a,  and  therefore  the  right  ascension  is  increased* 
Hence,  if  the  right  ascension  be  taken  before  and  after  the  meridian,  the  whole 
change  of  parallax  in  right  ascension  between  the  two  observations  is  the  sum 

S  X  cos     V€L 

(s)  of  the  two  parts  before  and  after  the  meridian ;  and  the  hor.  par.  =  -. — t^tt — o- 
^  ^  *^  '  ^         sin.ZP  X  S 

where  S  =  sum  of  sines  of  the  two  hour  angles. 

161.  To  apply  this  Rule,  observe  the  right  ascension  of  the  planet  when  it 
passes  the  meridian,  compared  with  that  of  a  fixed  star,  at  which  time  there 
is  no  parallax  in  right  ascension ;  about  6  hours  after,  take  the  difference  of 
their  right  ascensions  again,  and  observe  how  much  the  difference  (rf)  between 
the  apparent  right  ascensions  of  the  planet  and  fixed  star  has  changed  in  that 
time.  Next  observe  the  right  ascension  of  tlie  planet  for  3  or  4  days  when  it 
passes  the  meridian,  in  order  to  get  its  true  motion  in  right  ascension  ;  then  if 
its  motion  in  right  ascension  in  the  above  interval  of  time  between  the  taking 
of  tlie  right  ascensions  of  the  fixed  star  and  planet  on  and  off  the  meridian  be 
equal  to  rf,  the  planet  has  no  parallax  in  right  ascension ;  but  if  it  be  not  equal 
to  dj  the  difference  is  the  parallax  in  right  ascension,  and  hence,  by  the  last 
Article,  the  horizontal  parallax  will  be  known.  Or  one  observation  may  be 
made  as  long  before  the  planet  comes  to  the  meridian,  by  >vhich  a  greater  dif- 
ference will  be  obtained. 

Ex.  On  August  15,  1719,  Mars  was  very  near  a  star  of  the  5th  magnitude 
in  the  eastern  shoulder  of  aquarius,  and  at  9A.  18'  in  the  evening.  Mars  fol- 
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lowed  the  star  in  10'.  17%  and  on  the  16th  at  4h.  21'  in  the  morning  it  followed 
it  in  10'.  1",  therefore  in  that  interval,  the  apparent  right  ascension  of  Mars 
had  increased  1 6"  in  time.  But  according  to  observations  made  in  the  meri- 
dian for  several  days  after,  it  appeared,  that  Mars  approached  the  star  only  1 4" 
in  that  time,  from  its  proper  motion,  therefore  2"  in  time,  or  30"  in  motion,  is 
the  effect  of  parallax  in  the  interval  of  the  observations.  Now  the  declination 
of  Mars  was  15°,  the  co-latitude  41°.  10',  and  the  two  hour  angles  49°.  15'  and 

30"  X  cos.  15° 

56°.  39';  therefore  the  hor.par.  =  sin.  41°.  10'  x  sin.  49°.  15'  +  sin.  56^.  39'=2^^"- 

But  at  that  time,  the  distance  of  the  earth  from  Mars  was  to  its  distance  from 
the  sun  as  37  to  100,  and  therefore  the  sun's  horizontal  parallax  comes  out 
10",  17. 

162.  When  Dr.  Maskelyne  was  at  St.  Helena  and  Barbadoes,  he  made  se- 
veral observations  of  this  kind  on  the  moon,  in  order  to  determine  her  hori- 
zontal  parallax ;  and  he  further  observes,  "  that  if  the  like  obseiTations  were 
repeated  in  different  parts  of  the  earth,  it  would  probably  afford  the  best  means, 
yet  proposed,  for  ascertaining  the  true  figure  of  the  earth,  as  they  would  de- 
termine the  ratio  of  the  diameters  of  the  parallels  of  latitude  to  each  other, 
the  horary  parallaxes  being  in  proportion  thereto :  For  though  the  earth  affords 
but  a  small  base  at  the  moon,  yet,  by  repeating  these  trials,  and  comparing 
the  results,  we  may  hope  to  attain  that  degree  of  exactness,  which  we  could 
never  expect  from  fewer  observations.** 

1 63.  But  besides  the  effect  of  parallax  in  right  ascension  and  declination,  it 
is  manifest  that  the  latitude  and  longitude  of  the  moon  and  planets  must  also 
be  affected  by  it ;  and  as  the  determination  of  this,  in  respect  to  the  moon,  is 
in  many  cases,  particularly  in  solar  eclipses,  of  great  importance,  we  shall  pro- 
ceed to  show  how  to  compute  it,  supposing  that  we  have  given  the  latitude  of 
the  place,  the  time,  and  consequently  the  sun*s  right  ascension,  the  moon's 
true  latitude  and  longitude,  with  her  horizontal  parallax. 

164.  Let  HZR  he  the  meridian,  ^EQ  the  equator,  p  its  pole;  rC  the      pj^^ 
ecliptic,  F  its  pole  j  v  the  first  point  of  aries,  HQR  the  horizon,  Z  the  zenith,       30. 
ZL  a  secondary  to  the  horizon  passing  through  the  true  place  r  and  apparent 
place  t  of  the  moon ;  draw  Ptj  Pr^  which  produce  to  5,  drawing  the  small 
circle  ts  parallel  to  ov  ;  let  rn  be  perpendicular  to  P/,  and  draw  the  small  circle 

ra  parallel  to  or  ;  then  rs^  or  ta,  is  the  parallax  in  latitude,  and  ov  the  parallax 
in  longitude.  Draw  the  great  circles  Pv,  PZABy  Ppde^  and  ZJF perpendi- 
cular tope;  then  as  tP  =  90°,  and  Tj9=:90°,  t  must  (4)  be  the  pole  of  Pjpefe, 
and  therefore  c/t=:90°;  consequently  rfis  one  of  the  solsticial  points  ®  oryf ; 
also,  draw  Zr  perpendicular  to  Pr,  and  join  Zr,/?T.  Now  riJ,  or  the  angle 
v^JE,  or  2!p<r,  is  the  right  ascension  of  the  mid-heaven,  which  is  known  (106); 
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PZzzAli  (l)ccaiisc  AZ  is  the  complement  of  botli)  tlic  altitude  of  the  highest 
point  A  of  the  ecliptic  above  the  horizon,  called  the  nonagesimal  degree,  and 
nr.4,  or  the  angle  ^PA  is  its  longitude.  Now  in  the  right  angled  triangle 
X/>/r,  we  have  Zp  the  co-latitude  of  the  place,  and  the  angle  ZpU\  the  dif- 
ference between  the  right  ascension  of  the  mid-heaven  y^pE  and  c^d ;  hence, 
(Trig,  Art,  212.)  cot.  p.  Z  :  rad ::  cos.  p  :  tan.  pJV;  therefore  PW—pJV^pP^ 
where  the  upper  sign  is  to  be  taken  when  the  right  ascension  of  the  mid-heaven 
is  less  than  180%  and  the  under,  when  greater.  Also,  in  the  triangles  JVZp^ 
TVZPj  (Trig.  Art.  231.)  sin  fFp  :  sin TVP ::  cot.  TVpZ  :  cot.  TVPZ,  or  tan. 
AP^Ty  and  as  we  know  ^o,  or  cy>  POj  tlie  true  longitude  of  the  moon,  we  know 
APo^  or  ZPd\  Also  (Trig.  Art.  219.)  cos.  JVPZy  or  sin.  APZj  :  rad.:: tan. 
//T  :  tan.  ZP.  Hence,  in  the  triangle  ZrP^  we  know  ZP,  Pr  and  the  angle 
Pj  from  which  the  angle  ZrP  or  trs,  and  Zr  may  be  found  ;  for  in  the  right 
angled  ti'iangle  ZP^v^  we  know  ZP  and  the  angle  P,  to  find  Pjc  ;  therefore  we 
know  rjc;  and  hence  (Trig.  Art.  231.)  we  may  find  the  angle  Zr»r,  with  which, 
and  rxy  we  may  find  Zr  the  true  zenith  distance  ;  to  which,  as  if  it  were  the 
apparent  zenith  distance,  find  the  parallax  (154)  and  add  to  it,  and  you  will 
get  very  nearly  the  apparent  zenith  distance,  coiTesponding  to  which,  find  the 
parallax  rt;  then  in  the  right  angled  triangle  rstj  which  may  be  considered  as 
plane,  we  know  rt  and  the  angle  r,  to  find  rs  the  parallax  in  latitude  ;  find  also 
ts^  which  multipUed  (108)  by  the  secant  of  ft;,  tlie  apparent  latitude,  gives  the 
arc  or,  the  parallax  in  longitude. 

Ex.  On  January  1,  1771,  at  9//.  apparent  time,  in  lat.  53°N.  the  moon's  true 
longitude  was  Ss.  1 S"".  27'.  35",  and  latitude  4^  5'.  SO"S.  and  its  horizontal  pa- 
rallax 61'.  9";  to  find  its  parallax  in  latitude  and  longitude. 

The  sun's  right  ascension  was  282°.  22'.  2"  by  the  Tables,  and  its  distance 
from  the  meridian  133°;  also  (106)  the  right  ascension  tjE  of  the  mid-heaven 
was  57''.  22'.  2";  hence,  the  whole  operation  for  tlie  solution  of  the  triangles 
may  stand  thus. 

^    iZpWzz    32°.  37'.  58"         .         .         .  cos.     9.9253864 

^  IZ;)      =    37.     O.    O        .        .        .        tan.     9.8871144 

^    ^jp?r     =    32.  23.  57  -  .  -  tan.     9.8025008 

Pp      =    23.  28.     O 

PW  =    55.  51.  57 
N3 

^    .j^rr    =    32.  23.  57  .         -  A.C.   sin.     0.2709855 

"^iP/r  =    55.  51.  57         -         .         .  sin.     9.9178865 

%<ZpTFzz    32.   37.  58  -  .  .  cot.   10.1935941 

."5   \APtzz    67.  29.     8  .         -         .  tan.   10.3824661 

t^  
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es 


oP<r  =  108°.  27'.  35" 
oPA  =    40 .  58 .  27 


g  CAPZ 


^ 


:< 


E^ 


67.  29.  8 
=  55.  51.  S^ 

=  57.  56.  36 

=  57.  56.  36 
=  40-  58.  27 

=  50.  19.  33 


=94.  5.  30 


sin.  9.9655700 
tan. +  10  20.1688210 


tan.  10.2032510 

tan.  10.2032555 
COS.   9.8779500 

tan.  10.0812055 


rj*   =  43  . 

45.  57 

P*  =50. 

19.  33 

ZPx  =  40 . 

58.  27 

A.C.  sin.  0.1600745 
sin.  9.8863144 
tan-  9.9387676 


Zrx   =  44.  1 .  16 


b   iZra:   =   44.     1  .  16 
^   <rar      =   43  .  45 .  57 

^   'Zr      =   53.     6.   10         - 

Zr      =   53.     6.   10 
Hor.  par.  =  61'.  9"  =  3669". 

rt  uncorrected =2934"= 48'.  54" 

App.  zen.  dist.  Zt=53°.  55'.  4"  nearly 
Ilor.  par. = 61 '.  9"  =  3699". 

Par.  rt  cor.  =  2965"  =  49'.  25"     - 

l//'5  =  44°.  1'.  16"         -         -         -         - 

rs  par.  in  lat. = 2 1 32 "  =  35'.  32" 

r/ cor.  =  2965"  -         -         .         - 

/r5  =  44°.  i'.  16" 

/.9  =  2061"  =  34'.  21" 

True  lat.  ro  -  4°.  5'.  30". 

App.  lat.  /f  =  ro  -  r.v  =  4°.  41'.  2" 

Of  par.  in  long.  =  2067"  =  34'.  27" 


tan. 

9.9851563 

COS.  + 10 

tan. 

19.8567795 
9.9812846 

cot. 

9.8754949 

sin. 
log. 

9.9029362 
3.5645477 

log. 

3.4G748.'}9 

sin. 
log. 

0.9075042 
3.5G45477 

log. 
cos. 

3.4720519 
9.S5G7795 

log. 

3.32SS^\4! 

log. 
sin. 

3.4720519 
9.84]  9S69 

loi:^     3.:>  139888 


sec.    10.C014J28 
lonr.      G.31J4416 


'o* 


The  value  oX  tv  is  ;*o  — or  +  r.9,  according  as  the  moon  has  N.  or  S.  laliuidc. 
'ilic  Figure  is  drawn  ibr  north  latitude,  but  the  Example  is  for  Foiith  latitude. 

This  is  the  direct  method  of  solving  the  problem  from  the  triangles  ;  but  the 
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operation  may  be  rendered  easier  by  the  following  Rule  (tlie  most  convenient 
of  any  yet  given)  discovered  by  Dr.  Maskelyne,  but  communicated  without 
the  demonstration.  The  investigation  here  given,  is  by  the  Rev.  Dr.  Brixk- 
LEY,  Professor  of  Astronomy  at  DubHn. 

Let  the  height  H  of  the  nonagesimal  degree,  or  PZ,  and  the  angle  ZPr 
(«),  the  moon's  true  distance  froju  the  nonagesimal,  be  computed  as  before. 
Put  P=the  parallax  ov  in  longitude,  Q=the  parallax  al  in  latitude,  depressing 
the  moon  soutliwards,  7.=the  true  latitude,  /the  apparent  latitude,  h  the  ho- 
rizontal parallax.     Now 

P  :  rn: :  rad.  :  sin.  Pr  ") 

nj  :  ;•/  ::  sin.  ntr  :  rati,    t    •'•  ^  :  * :  •  «"•  ntr  x  sin.  Zt :  sin.  Pr, 

rt  :  h  ::  sin.  Zt  :  rad.   )  ""^^'"^  ^^'^S  ""^ty  > 

,  T.     ''  X  sin.  ntr  x  sin.  Zt 

hence,  P  = ^^TFr -^^  ^^"*   "'''xsin.  Z/=sin.  ZPtx^n.  PZ) 

//  X  sin.  PZ  X  sin.  ZPt    h  x  sin.  //  x  sin.  w  +  P  ti      .     ,        . 

^hTTv = 'E^^rZ '  *^^  P^^^^  '^  Longitude. 

Also,  tn  :  fr: :  cos.  r/n  :  rad. : :  sin.  r//i  :  tan.  rtn 

/r  :  A  ::  sin.  Zt  :  rad. 

.\ln  :  A  ::  sin.  rtn  x  sin.   Zf  :  tan.  rtfix  rad.  : :  sin.   PZ  x  sin.   ZP/ : 

sin   ZP^ 
.in.i>/xcotZi>lcos.Pfxcos.Zi'<*   substituting  for  the  third  and  iburth 

lerms  their  values;  hence,  /n  =  Axsin.  PZx  sin.  P/xcot.  ZP-^Ax  sin.  PZ 
X  cos.  Pt  X  cos.  ZPtzzh  X  cos.  //  x  cos./—  A  x  sin.//  x  sin.  /  x  cos.  7i  +  P. 

Now  as  the  angle  rPn  is  very  small,  we  have  g/ezz^  ^^    p  =  (from   the  first 

P^  X  sin.  Pr^ 
proportion  above)     ■    .       \y ,    =  |  7^*  x  sin.  Pr  x  cos.  Przi^  P  xP  x  sin.  Pr  x 

cos.  Pr=  (as,  from  above,  P  x  sin.  Pr  —  hx  sin.  PZx  sin.  ZP/)  iP x  A  x  sin. 
H  X  sin.  n  -f  P  X  sin.  i,  or  sin.  /  nearly  ;  hence,  Q=:te=:&i  —  flw=// x  cos. //x 
cos.  l—hx  sin.  H  x  sin*  /  x  cos.  n  -f  P  — A  x  sin.  H  x  ^  P  x  sin.  « -f  P  x  sin.  /. 
But  as  P  is  very  small,  we  may  call  4  P  the  sine  of  ~  P,  and  its  cosine  we  may 
^ut  =  rad.  =  1  ;  hence,  for  cos.  n^  P  we  may  substitute  cos.  w  +  P x  cos.  \  P, 
xmd  for  ^  P  X  sin.  «  +  P  we  may  put  sin.  n-{-  P  x  sin.  -j  P ;  hence,  Q=:  Axcos. 

//xcos.  /— Axsin.  //xsin.  Ixcos.  w-i-pxcos.  f  P  f  sin.  w  +  Pxsin.  f  P  =  (be- 
-cause  by  plane  Trig.  Art.  103.  cos.  «  +  P  x  cos.  jP^- sin.  n-^Px  sin.  iP  = 
cos.  71 +5P)  A  X  cos.  Hx  cos.  /—A  x  sin.  //x  sin.  /  x  cos.  w  +  iP,  tlie  parallax 
in  Latitude. 

Now  P  enters  into  the  expression  for  the  value  of  P,  and  as  P  is  very  small, 

*  If  we  conceive  two  tancrents  to  be  drawn  to  Pr  and  Pa  at  r  and  a,  and  to  meet,  then  ivi  may 
he  considered  as  the  sine  of  ra  to  the  length  of  tlicse  tangents  as  a  ra(hus,  and  therefore,  by  the  pro- 
ck^rty  of  the  circle^  an  zz  rn*  divided  by  twice  the  tangent. 
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n                      ^     ''  ^  sin.  7/x  sin.  w       ,  .  ,      .„    ^  ,         _ 

we  must  first  suppose  P  = f ,  whicli  will  give  a  near  value  of 

P;  then  put  that  value  into  the  numerator,  and  you  will  get  a  vcr/ accurate 
value  of  P.  Also,  in  the  expression  for  Q,  we  have  the  apparent  latitude, 
which  cannot  be  known  without  knowing  Q;  hence  we  must  first  get  a  near 
value  of  Q  and  apply  it  to  tlie  true  latitude  to  get  the  apparent  nearly;  to  do 
this,  we  may  omit  the  second  part  as  being  small,  on  account  of  sin.  /being 
small  for  the  moon,  and  suppose  Qzzhx co:^.  II x  cos.  /z=  h x cos.  //x cos.  L nearly ; 
or  when  the  latitude  is  very  small,  as  is  the  case  of  tlie  moon  in  solar  eclipses, 
we  may  suppose  Q  =  Axcos.  JF7,  from  which  we  shall  get  the  apparent  latitude 
with  sufficient  accuracy. 

In  the  application  of  this  Rule,  regard  must  be  had  to  the  signs  of  the  quan- 
tities; if  w  +  tJP  be  greater  than  90*^  its  cosine  becomes  negative,  in  whicli 
ease  Q  will  be  the  sum  of  the  quantities,  unless  the  apparent  latitude  /  is  south, 
in  w^hich  case,  its  cosine  will  be  negative,  which  makes  the  first  term  negative. 
In  general,  Q  \vill  be  the  sum  of  the  two  paits,  when  n-^^P  and  the  moon's 
apparent  distance  from  P  are,  one  greater  and  the  other  less  than  90°;  otherwise 
Q  will  be  the  difference.  The  parallax  in  longitude  increases  the  longitude,  if 
the  body  be  to  the  east  of  the  nonagesimal  degree,  and  decreases  it,  if  it  be  to 
the  west  Tliis  Rule  is  more  correct  than  the  other,  because  in  that  we  took 
tlie  small  circle  /l9,  instead  of  a  great  circle  from  f,  as  the  perpendicular  from 
/  upon  Pr  produced.  This  error,  for  the  moon,  may  sometimes  amount  to 
about  2".     It  may  be  corrected  by  applying  an  found  above. 

To  apply  this  Rule  to  the  last  case,  we  have  Hn3T'.  56'.   36",  w  =  4(y, 
S8\  27",  Z  =  4°.  5'.  SO"  south,  7i=:6l'.  9"  =  3669";  hence. 

Log.  h 3.5645477 

Sin.  H 9.9281518 

Cos.  i. J.  C.  0.0011084 


3.4938079 
Sin.  w       .        . 9.8167176 


Log.  2044"  =  34'.  4" = P  nearly       -         -         -         -3.31 05255 

Therefore  n  +  P  =  41^  32'.  31";  hence, 

3.4938079 


Sin.  w  +  P 9.8216237 

Log.  2067"  =  34'.  27^*  par.  in  Longitude  -        -  3.3 1 543 1 6 

Log.  A 3.5645477 

Cos.  JH" 9.7248963 

Log.  21 33''= 35'.  33"  par.  lat,  nearly  »        -    -  3.2894440 
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4^      5'.    30" 


4  ,  41 .     3  app,  lat.  nearly. 

Log.  h 3.5645477 

<:os.H 9,7248963 

Cos./=4^  41'.  3"  nearly  -        -        9.9985470^  first  part  of  Q. 

Log.  1941"=  32'.  21"    .         •  -     3.2879910 


Log.  7e     -         -         -         •         -  3.5645477 

Sin.  H 9.9281518 

-Sin./ 8.9120258 

Cos-'tT+JP         -         .         .         .  9.8759399 

Log.  1 9 1 "  =  3'.  1 1 "    .         -  .  2.2806552 


second  part  of  Q. 


32.  21 


35  .  32  par.  in  Latitude^ 

.    Tlie  sum  of  the  t>vo  parts  is  here  taken,  because  Pt  is  greater  tlian  90®,  and 
f2  +  -}  /^  less  than  90^ 

165.  Hitherto  we  have  considered  the  effect  of  parallax,  upon  supposition 
that  the  earth  is  a  sphere;  but  as  tlie  earth  is  a  spheroid,  having  the  polar 
diameter  shorter  than  the  equatorial,  it  will  be  necessary  to  show  how  the  com* 
putations  are  to  be  made  for  this  case.  The  following  method  is  given  by 
Clairaut. 
WG.  166.  Let  EPQp  be  tlie  earth,  EQ  the  equatorial  and  Pp  the  polar  diame- 

tJl.  ters,  O  the  jplace  of  the  spectator,  HCR  the  rational  horizon,  to  which  draw 
ZONK  perpendicular;  L  the  moon,  join  LOy  LC^LK^  and  draw  CV  per- 
pendicular to  LK.  Now  to  compare  tlie  apparent  places  seen  from  O  and  C, 
let  us  compare  the  places  seen  from  O  and  K^  and  from  K  and  C  Put  A  =  the 
horizontal  paraUax  to  the  radius  OC,  or  ON  which  is  very  nearly  equal  to  it, 
on  account  of  tbe  smallness  of  the  angle  CON.  Let  00=1,  and  CN  (the 
sine  of  CON  to  that  radius)  =  ^,  /  =  tan.  of  the  angle  KCN  the  latitude  of  the 
place;  then  rad.  =  1  :  twa  :  tazzNK;  hence,  as  A  =  tlie  angle  under  which 
ON  (which  we  may  consider  as  equal  to  unity)  appears  when  seen  directly  at 
.the  moon,  we  have  h  xi^  =  thc  angle  under  wliich  NK  would  appear;  dierefore 
Ax  l-i-to  =  the  horizontal  parallax  of  OK;  consideiing  therefore  K  as  the 
center  of  a  sphere  and  KO  the  radius,  compute  the  parallax  as  before.  Now 
as  the  planes  of  all  the  circles  of  declination  pass  through  Pp,  in  estimating 
'  the  parallax  either  from  K  or  O,  the  parallax  in  right  ascension  must  be  the  same, 
because  K  and  0  lie  in  the  plane  of  the  same  rircle  of  declinatioa;  the  only 
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ffifference  therefore  between- tlie  effect  of  parallax  at  K  and  O  must  be  in  decli-^ 
nation.  Now  at  iC,  the  angular  distance  of  the  moon  from  the  pole  P  is  LKPy 
and  the  angular  distance  from  C  is  LCP;  the  difference  of  these  two  angles 
therefore,  or  CLKj  is  the  difference  between  tlie  parallax  in  declination  at  K 
and  at  C",  and  this  angle  CLK  is  ahoays^to  be  added  to  the  polar  distance  seen* 
from  K  to  get  the  polar  distance  from  C  Now  CLK-zzh  x  CV;  but  the 
angle  VCK  (  =  LCE)  is  the  moon's  declination,  therefore  CV=CK  x  cos.  dec. 

also,  CK=  -%--     -A-;  hence,  CLK  JL^"^-^-^''-^.     Tliis  there- 

COS.  ACiV  =  cos.  lat.  COS.  lat. 

fix'c  is  the  equation  of  declination  for  the  sphferoid,  to  be  applied  to    find 
the  parallax  in  declination  seen  from  C,  after  having  calculated  the  effect  jof. 
parallax  in  declination  for  a  sphere  whose  center  is  K  and  radius  KO.     There  is 
BO  equation  for  the  parallax  in  right  ascension.     To  find  how  this  equation  in.    fig-^ 
declination  will  afiect  the  latitude,  let  P  be  the  pofe  of  the  equator,  p  the  pole      ^^* 
of  the  ecliptic,  L  the  place  of  the  moon  seen  from  A',  and  ^  seen  from  C;  then 
bL  is  the  equation  in  declination  j  draw  La  perpendicular  to  jt?ft,  and  ba  is  the 
equation  in  latitude,  and  the  angle  apL  the  equation  in  longitude.     Now  con- 
sidering bL  and  ba  as  tlie  variations  of  the  two  sides  PA,  pb,  whilst  Pp  and  the 
angle  P  remain  constant,  we  have  bL  :.  ba::  (Trig^  Art.  262.)  jad.  :  cos.  A,. 

^^  ^^«      T     /T*  •        \^4.    n^n  \Cos.  P;;  — cos.  Pp  x  cos.  pb     i  i       it 

or  COS.    Lzz( ivm.  Art.  243.) f — ^- — - — ^  :    hence,    baz=.bLx 

^      °  %\\\.Ppy.^\xi.pb 

€0S.  Pj9— COS.  Pb  X  COS.  pb_    hxa       cos.  Pb  _cos.  Pb  x  cos.  pb\_   hxa 
sin.  Pb  X  sin.  jt)A  ""cos.  lat.      sin.  pb  aiu.  pb  cos.  lat. 

€08.  Pb       ZZ~17i         I  7        '^  X  ^  COS..  23°.  28'  '.      \  ' 

~, COS.  Pb  X  cotan.  pb=i  i —  x  r-—. —  —  sm.  dec.  x  tan. 

sm.  pb  COS.  lat.        cos.  moon  s  lat. 

moon's  lat.     But  if  CP  be  to  CE  as  1  :  1  -h;w,  and  .a,  y/,  t:  tlie  sine  and  cosine 
of  tlie  latitude  of  the  place,  then  a  =:  2m  x  *iv/i,  as  shown  in  the  Chapter  on  the 

cos   23°  28'  r  ^ 

Esrure  of  the  Earth;  hence,  bazz2hmx  x ^^    -,— i-r sin.  dec.  x  tan. 

^  '  COS. moon  slat. 

moon's  lat.     The  sign  — becomes  -f  if  the  declination  and  latitude  of  the  moon^ 
be  of  different  affections,  that  is,  one  south  and  the  other  north.     The  latitude 
Jiere  used,  is  that  seen  from  the  center  of  the  earth*     This  correction. increases 
the  moon's  distance  from  the  pole  p  of  the  ecliptic; 

167.  To  find  the  correction  of  the  longitude,  or  the  angle  Lpa^  we  have 

T  ft 

(13)  LazzLpa  X  ^in.,  pLy  hence,  Lpazr^-. — - — ji    but  aL  =  JLxsin.    /;,  and: 

si  Hi    P-Li 

iy  spher.  trig.  sin.  Pb  :  sin.  «. ::  sin.  Pp  :  siii.  i=  ?'"-y  ><«*"•  Pp ,  also,  Li, 

■*  sin.  Po 

^hmx;  hence,  Lpa=.2hnu x  ihll^t^J^ zz2hmx  x  co3.1o«.  <i  x  sin.  23°. 28; 

Sin*  Pb  X  sm.  pL  cos.  dec.  c  x  cos.  lat.  a 
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169.  Let  r=:^  the  semiaxis  major,  pzz^  the  semiaxis  minor,  n  =  the  sine, 
m  the  cosine  of  the  angle  OCE;  then,  from  conies,  the  sine  of  the  horizontal 

polar  parallax  :  sine  of  the  hor.  parallax  at  O : :  ^FnF^TFi^ :  r/»;  hence  the  sine 
of  tlxe  hor.  par.  at  O  =:  -- T^        ^  x  the  sine  of  the  hor.  polar  parallax.     If 

r  ;  pi:  230  :  229,  we  have  the  following  Table  for  the  horizontal  parallax  for 
every  degree  of  latitude,  that  at  the  pole  being  unity* 


Lat. 

Hor.  Par.  | 

1  Lat. 

Ilor.  Par. 

Lat. 

Hor.  Par. 

CP 

100438 

1  31° 

100321 

61" 

100103 

1 

100438 

\     32 

100314 

62 

100097 

2 

100437 

33 

100307 

63 

100091 

3 

100436 

:  34 

100300 

64 

100085 

4 

100435 

:  3S 

100293 

65 

100079 

5 

100434 

36 

100286 

66 

100073 

6 

100432 

37 

100279 

67 

100067 

7 

100430 

,  38 

1 

100272 

68 

100062 

8 

100428 

:  39 

J 00265 

69 

100057 

9 

100426 

40 

100257 

70 

100052  ! 

10 

100424 

41 

100250 

71 

1O0O47  i 

11 

100421 

42 

100243 

72 

100042  i 

12 

100418 

43 

100235 

73 

100038 

13 

100415 

44 

100227 

74 

100034  i 

14 

100412 

45 

100219 

75 

JOOOSO  ! 

15 

100408 

46 

100211 

76 

100026 

16 

100404 

,  47 

100203 

77 

100023 

17 

100400 

:  48 

100195 

78 

100020   : 

1 

18 

100396 

i  49 

100187 

79 

100017  : 

19 

100391 

i  50 

100180 

80 

100014  ; 

20 

100386 

!  51 

100173 

81 

100012  ; 

21 

100381 

52 

100166 

82 

100010 

22 

100376 

'  53 

100159 

83 

100008 

23 

100371 

54 

100152 

84 

100006 

24 

100365 

55 

100145 

85 

100004 

25 

100359 

56 

;00138 

86 

100003 

26 

100353 

57 

100131 

87 

100002 

27 

100347 

58 

100124 

88 

100001 

28 

100341 

59 

100117 

89 

100000 

29 

100335 

€0 

100110 

90 

100000 

30 

100328 

Hence,  by  multiplying  the  polar  parallax  by  the  number  corresponding  to 
any  latitude,  it  gives  the  horizontal  parallax   at  that  latitude.      From  the 
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Theorem,  the  parallax  may  be  very  easily  calculated  for  any  other  ratio  of  the 

diameters  of  the  earth. 
FIG.  170.  To  find  the  mean  distance  Cs  of  tlie  moon,  we  have  ACj  tlie  meait 

2^*      radius  ('rj  of  the  earth,  :  Cs,  the  mean  distance  (DJ  of  the  moon  from  the 

earth,::  sin.  57'.   l"=iAsC  (168)  :  radius::  1  :  60,3  j    consequently  2)  =  60,3r; 

birt  r  =  3964  miles;  hence.,  Z)  =  239029  miles. 

171.  According  to  M.  de  la  Lande,  the  horizontal  semidiameter  of  the^ 
moon  :  its  horizontal  parallax  for  the  mean  radius  (rj  of  the  earth::  15'  : 
34'.  57",4,  or  very  nearly  as  3  :  11;  hence,  the  semidiameter  of  the  moon  i* 
Y7r  =  77X  3964=1081  miies;  and  as  the  magnitudes  of  spherical  bodies  are 
as  tlie  cubes  of  their  radii,  we  have  the  magnitudes  of  tlie  moon  and  earth 
-as  3'  :  IP::  1  :  49. 

172.  In  the  spheroid,  besides  the  parallax  in  right  ascension  and  declination, 
latitude  and  longitude,  there  is  also  a  parallax  in  azimutli,  and  also  a  correctioa 
pf  tlie  parallax  lu  altitude.     For  the  plane  which  is  pei'pendicular  to  the  sur- 
face at  O,  always  passes  through  O^V,  and  therefore  the  azimuth  seen  from  O 
or  N  and  from  C  must  be  different,  except  when  the  body  is  on  the  meridian, 
in  which  case  the  plane  also  passes  through  C;  and  the  altitude  seen  from  1/ 
must  also  be  different  from  that  seen  from  C\     Hence,  having*  compared  the 
parallax  between  O  and  N  in  altitude,  we  shall  want  a  correction  for  the  diffe- 
rence between  the  altitudes  and  azimuths  seen  from  j^  and  C\     Let  therefore 
CN  represent  CN  in  no.  31.  L  the  moon,  LCR  a  plane  perpendicular  to 
the  horizon,  and  then  will  NCR  be  the  azimuth  seen  from  C;  draw  NM  per- 
pendicular to  CRy  JlIS  peqicndicular  to  CL,  and  LR  perpendicular  to   the 
iiorizou  ;  and  let  m  and  n  be  the  sine  and  cosine  of  NCM,  r  the  sine  of  MCSy 
azzCNy  the  sine  of  CON  in  fig.  31.  and  c  the  cosine  of  LNRj  and  let  rf== 
the  distance  of  the  moon;  then  cdzzRNj  inazzMN.     Now  the  hue  CO  in 
FIG.   31.  or  unity,  at  the  distance  d  appears  under  an  angle  h  when  seen  di- 
rectly;   hence,  —  ://::_•  tire  angle  NRC  =  1 —  the   difference  of  the 

"^  U  cd  c 

azimuths  seen  from  C  and  N.  Also,  as  the  arc  parallel  to  tlie  horizon  be- 
tween any  two  secondimes  to  it  varies  (13)  as  the  cosine  of  the  altitude,  tlie 
arc  of  the  difference  of  the  azimuths  at  the  altitude  of  the  nioou=//ma=zA  x 
MN.  Now  as  the  plane  NML  is  perpentUcular  to  CLM,  and  NM  is  ex- 
tremely small,  tlie  altitudes  seen  from  iVand  il/will  not  sensibly  differ;  hence, 
the  difference  between  the  altitudes  at  iV  and  C  is  tlte  angle  CLM=/i  ^SM 
z=hx^r^CM=/i  >^r>^n^a.  If  the  moon  be  to  the  sotilh  of  the  prime  verti- 
cal, we  must  subtract  this  correction  from  the  altitude  at  N  to  get  tlic  altitude 
at  C;  if  it  be  to  the  norths  we  must  add  the  correction. 

173.  But  the  most  elegant  and  simple  mcUiod  of  finding  the  parallax  in 
latitude  and  longitude  on  a  spheroid,  is   the  following,   given  by    Mayer. 
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The  parallax  at  any  place  0  in  the  spheroid  is  the  same  as  oft  a  sphere  whose 
radius  is  CO^  and  latitude  OCE;  subtract  therefore  the  angle  CX)K  (found 
from  the  following  Table)  from  the  latitude  OvE  on  the  spheroid,  and  you 
get  the  angle  OCE  the  latitude  of  the  point  O  reduced  to  a  sphere.  Also,  the 
horizontal  parallax  which  is  made  use  of,  must  be  adapted  to  the  radius  OC, 
by  diminishing  the  equatorial  horizontal  parallax  by  a  quantity  corresponding 
to  the  difference  between  CE  and  CO.  This  diminution  is  also  found  in  the 
same  Table.  The  latitude  thus  reduced,  and  the  horizontal  parallax  thus 
found,  are  to  be  employed  in  computing  the  moon's  parallaxes  in  longitude, 
latitude,  right  ascension  and  declination,  which  will  now  be  performed  by  the 
Rule  (164)  founded  on  the  hypothesis  of  the  earth  being  a  sphere;  for  by 
means  of  the  Table,  both  the  base  of  the  parallax  and  the  latitude  of  the 
place  are  referred  to  the  earth's  center. 


FIG. 

31. 


ARGUMENT. 

Elevation  of  the  Poky  and  Equatorial  ParaUax. 
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of 

Pole. 

Equatorial  Parallax. 

Reduct. 

of  Elevat. 

of  Pole. 

54'             57'             60' 

Reduction  of  Parallax. 

0" 
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18 
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-0",0 
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0,7 
1,5 
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3.     6 
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24 
30 
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3,5 
4,9 
6,3 

2,5 

S,7 
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6,7 

2,6 
3,9 
5,4 
7,0 

11.  6 

12.  56 
14.   12 
14.  51 

48 
54 
60 
66 

7,7 
9,2 

10,5 

11,7 

8,2 

9,7 
11,1 
12,4 

8,6 
10,2 

11,7 
13,0 

14.  51 
14.   12 
12.  56 
11.     6 

73 
78 
84 
90 

12,7 
13,4 
13,9 
14,1 

13,4 
14,2 
14,6 
14,8 

14,  1 
14,9 
15,4 
15,6 

8.  57 
6.     4 
3.     6 
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£x.  If  the  latitude  on  the  spheroid  be  63^,  and  the  equatorial  paraHax  be  S&i 
what  are  the  reductions? 

The  reductiou  of  the  parallax  is  1  T^S,  and  of  the  elevation  of  the  pole  it 
is  55"i  hence,  the  reduced  latitude  is  62^.  59'*  5",  and  the  parallax  55\  48",5» 
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Art.  174.  W  HEN  a  ray  of  light  passes  out  of  a  vacuum  into  any  medium, 
or  out  of  any  medium  into  one  of  greater  density,  it  is  found  to  deviate  from 
its  rectilinear  course  towards  a  perpendicular  to  the  surface  of  the  medium  into 
which  it  enters.  Hence,  light  passing  out  of  a  vacuum  into  the  atmosphere  will, 
where  it  enters,  be  bent  towards  a  radius  drawn  to  the  earth's  center,  the  top 
of  the  atmosphere  being  supposed  to  be  spherical  and  concentric  with  the  center 
of  the  earth ;  and  as,  in  approaching  the  earth's  surface,  the  density  of  the 
atmosphere  continually  increases,  the  rays  of  light,  as  they  descend,  are  con- 
stantly entering  into  a  denser  medium,  and  therefore  the  course  of  the  rays 
will  continually  deviate  from  a  right  line  and  describe  a  curve ;  hence,  at  the 
sur^e  of  the  earth,  the  rays  of  light  enter  the  eye  of  the  spectator  in  a 
different  direction  from  what  tliey  would  have  entered,  if  there  had  been  no 
atmosphere;  consequently  the  apparent  place  of  the  body  from  which  the  light 
comes  must  be  different  from  the  true  place.  Also,  the  refracted  ray  must  move 
in  a  plane  perpendicular  to  the  surface- of  tlie  earth ;  for  conceiving  a  ray  to 
come  in  .that  plane  before  it  is  refracted,  then  the  attraction  being  always 
towards  the  perpendicular  which  lies  in  that  plane,  the  ray  must  continue  to 
move  in  that  plane.  Hence,  the  refraction  is  always  in  a  vertical  circle.  The 
ancients  were  not  unacquainted  with  this  effect.  Ptolemy  mentions  a  differ- 
ence in  the  rising  and  setting  of  the  stars  in  different  states  of  the  atmosphere ; 
he  makes  however  no  allowance  for  it  in  his  computations  from  his  observa- 
tions ;  this  correction  therefore  must  be  applied,  where  great  accuracy  is  re- 
quired. Archimedes  observed  the  same  in  water,  and  thought  the  quantity 
of  refraction  was  in  proportion  to  the  angle  of  incidence.  Alhazen,  an  Ara- 
bian Optician,  in  the  eleventh  century,  by  observing  the  distance  of  a  cir- 
cumpolar  star  from  the  pole,  both  above  and  below,  found  them  to  be  different, 
and  such  as  ought  to  arise  from  refraction.  Snellius,  who  first  observed  the 
relation  between  the  angles  of  incidence  and  refraction,  says,  that  Waltherus 
in  his  computation  allowed  for  refraction;  but  Tycho  was  the  first  person  who 
constructed  a  Table  for  that  purpose,  which  however  was  very  incorrect,  as  he 
supposed  the  refraction  at  45°  to  be  nothing.  About  the  year  1660,  Cassini 
published  a  new  Table  of  Refractions,  much  more  correct  than  that  of  Tycho; 
and  since  his  time.  Astronomers  have  employed  much  attention  in  construct- 
ing more  correct  Tables,  the  niceties  of  modem  Astronomy  requiring  their 
utmost  accuracy.  We  shall  treat  this  subject,  by  first  showing  the  practical 
methods  by  which  the  quantity  of  refraction  is  determined  at  some  certain 
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altitudes,  and  then  give  the  investigation  of  the  rules  for  the  variation  at  dif- 
ferent altitudes,  from  which  a  Table  for  the  Refraction  at  all  altitudes  may  be 
constructed. 

175.  First  method.  Take  the  altitude  of  the  sun,  or  a  star  whose  right  as- 
cension and  declination  are  known,  and  note  the  time  by  the  clock;  observe 
also  the  times  of  their  transits  over  the  meridian  ;  then  find  (92)  the  hour  an- 

FiG.      gle;  hence  in  the  triangle  jPZr,  we  know  PZ  and  Pjs  the  complements  of  lati- 
^*       tude  and  declination,  and  the  angle  a^PZ^  to  find  the  side  Z^,  the  complement 
of  which  is  the  altitude,  the  difference  between  wliich  and  the  observed  altitude 
is  the  refraction  of  that  altitude. 

Ex.  On  May  1,  1738,  at  5h.  20'  in  the  morning,  Cassini  observed  the 
altitude  of  the  sun's  center  at  Paiis  to  be  5°.  O'.  14",  and  the  sun  parsed  the 
meridian  at  I2lu  0\  0%  to  find  the  refraction,  the  latitude  being  48°.  Sd.  10", 
and  tlie  declination  was  15°.  O'.  25\  The  sun's  distance  from  the  meridian  waa 
6A.  40',  which  gives  100°  for  die  hour  angle  j^PZ;  also,  PZ=41^  9'.  50f'  and 
Pa:zzl4t'.  59'.  S5"i  hence,  Zr=85°.  10'.  8",  consequently  the  true  altitude  was 
4°.  49'.  52".  Now  to  5''.  O'.  14",  the  apparent  altitude,  add  9'  for  the  parallax, 
and  we  have  5°.  0'.  23'  the  apparent  altitude  corrected  for  parallax;  hence, 
5°.  0'.  28" -4°.  49'.  52"=  10'.  31"  the  refraction  at  the  apparent  altitude  S^ 
O'.  14". 

176.  Second  method.  Take  the  greatest  and  least  altitude  of  a  circumpolar 
star  which  passes  through,  or  very  near,  the  zenith,  when  it  passes  the  meridipji 
above  the  pole;  then  the  refraction  being  nothing  in  the  zenith,  we  shall  have 
the  true  distance  of  the  star  from  the  pole  at  that  observation,  the  altitude  of 
the  pole  above  the  horizon  being  previously  determined;  but  when  the  star 
passes  the  meridian  under  the  pole,  we  shall  have  its  distance  affected  by  refrac- 
tion, and  the  difference  of  the  two  observed  distances  above  and  below  the  pole 
gives  the  refraction  at  the  apparent  altitude  below  the  pole. 

Ex.  M.  de  la  Caille  observed  at  Paris  a  star  to  pass  the  meridian  witliia 
6'  of  the  zenith,  and  consequently  at  the  distance  of  41^  4'  from  the  pole; 
hence  it  must  pass  the  meridian  under  the  pole  at  the  same  distance,  or  at  the 
altitude  7*".  46';  but  the  observed  altitude  at  that  time  was  7°.  52".  25";  hence 
the  refraction  was  6'.  25"  at  that  apparent  altitude. 

177.  Third  method.  M.  de  la  Caille  also  employed  observations  made  at 
Paris  and  at  the  Cape  of  Good  Hope,  in  order  to  ascertain  the  refraction.  The 
method  he  made  use  of  was  this:  The  distance  of  the  parallels  of  Paris  and  the 
Cape  was  found  to  be  about  82°.  46",  the  half  of  which  is  41°.  23';  therefore 
a  star  vertical  to  a  parallel  in  the  middle  between  Paris  and  the  Cape,  must 


<i  ^.ii 


OK  REFiUCTlOK.  .  77 

be  at  the  zenith  distance  of  41^  23'  from  each.  Now  the  sirm  of  tl^e  apparent 
zenith  distailccs  of  such  a  star  was  found  to  be  S^.  44.  46",  which  therefore 
is  the  distance  of  the  two  parallels,  diminidiied  by  the  sum  of  the  two  refractiong 
at  the  zenith  distance  41^  23',  for  refraction  elevating  a  star,  must  make  the 
i^parent  zenith  distance  of  each  star  less  than  the  true  distance.  Next,  the 
apparent  altitude  of  the  pole  at  the  Cape  was  observed  to  be  33°.  56'.  49%  1, 
and  the  altitude  at  Paris  to  be  48°.  52'.  27",5,  the  sum  of  these  two  apparent 
altitudes  is  82°.  49'.  16",6  the  distance  of  the  parallels  increased  by  the  sum 
of  the  two  refractions  coiTei^nding  to  the  altitude  of  each  pole.  The  diflFer- 
ence  o£  these  two  determinations  is  4'.  30",6  for  the  sum  of  the  four  refrac- 
tions. Now  taking  the  refraction  to  be  as  the  tangent  of  the  zenith  distance^ 
(182),  he  found  the  tangents  of  41°.  23',  and  of  the  complement  of  die  altitudes 
of  the  two  poles,  and  divided  4'.  30",6  into  four  parts  in  the  ratio  of  these  tan- 
gents, making  the  refraction  a  fortieth  part  less  at  the  Cape  than  at  Psuris,  as  he 
had  observed  it;  hence,  he  got  l'.  36'',5  for  the  refraction  at  the  altitude  33°, 
56*.  49",1  at  the  Cape,  and  58",2  at  the  altitude  48°.  52'.  27^,5  at  Paris;  also 
57",2  for  the  refraction  at  the  zenith  distance  41°.  23'  at  the  Cape,  and  5S\^ 
for  the  refraction  at  the  zenith  distance  41°.  23'  at  Pms.  Ihe  altitudes  and 
zenith  distances  corrected  by  these  refractions  give  82°.  46'.  42 "  for  the  true 
distance  of  the  parallels  of  Paris  and  the  Cape. 

178.  Having  determined  the  refraction  at  the  altitude  48°.  52'.  27 ",5  at  Pa- 
ris, he  calculated  the  refractions  from  that  altitude  up  to  the  zenith,  upon  sup- 
position that  they  were  as  the  tangents  of  the  zenith  distances,  and  hence  he 
knew  the  refractions  at  these  altitudes  at  the  Cape.  Therefore,  by  taking  the 
meridian  altitudes  of  stars  from  7°  to  48°  at  Paris,  and  the  corresponding  meri- 
dian altitudes  at  the  Cape,  and  correcting  these  latter  for  refraction,  he  got  the 
refraction  from  7°  to  48°  at  Paris;  for  the  sum  of  the  two  true  zenith  distances 
was  82°.  46'.  42",  therefore  knowing  the  true  zenith  distance  at  the  Cape,  the 
true  zenith  distance  at  Paris  was  known,  the  difference  between  which  and  the 
apparent  zenith  distance  was  the  refraction.  Thus  M.  Ae  la  Caille  formed  his  . 
Table  of  refractions.  His  method  was  very  ingenious ;  but  from  more  accurate 
observations  since  his  time,  it  appears,  that  his  refractions  are  a  little  too  great. 
This  Dr.  Maskelyne  has  clearly  shown  in  the  Phil.  Trans.  1787.  By  com- 
paring the  sum  of  the  two  apparent  zenith  distances  of  stars  observed  at  a  low 
altitude  at  Paris,  and  consequently  at  an  high  altitude  at  the  Cape,  and  at  an 
high  altitude  at  Paris,  and  therefore  at  a  low  altitude  at  the  Cape,  he  found 
the  refraction  at  the  Cape  to  be  a  fortieth  part  less  than  at  Paris. 

179.  Fourth  method.  Boscovich  proposes  to  find  the  refraction  by  the  cir- 
cumpolar  stars,  only  by  knowing  its  variation  at  different  altitudes.  Let  a  and 
fl  be  the  apparent  meridian  zenith  distances  of  a  star  below  and  above  the  pole, 
jp  and  X  the  respective  refractions;  b  and  b  the  apparent  meridian  zenith  dis- 
tances  of  another  star  below  and  above  the  pole,  z  and  z  the  corresponding 


kCONin^*;  ^Moi ^1^ ow t&stuce  wifl  hea+Xj  a+a/^  and  b-^-z^  b'-^-z;  and 
«.  ;te^  Assttnw  ^*  ^  p^  A^<(*>^  ^  xemth  is  equal  to  half  the  sum  of  the 
CWHKsc  JOia  MA  WW  Moilh  dtsttnces,  a  +  a^-^-a +j/  =  b'\'Z  +  b' +  z;  hence^ 
*^^  jr^jr  ^jt-— 5s#»^*— «— «•  N^^  taking,  at  first,  the  refractions  to  be 
»  Ui^  Tfcuccm  W"  ike  wnith  distances,  (182),  we  have  tan.  a  :  tan.  a  wa:  :  xz=, 

X  taafc*  ^  ^  iM^the^ainereasonirz: *- —   zzz *—\   substitute  these  into 

^Mx        J  -«^  ^^4.    ^     i  +  6'  — fl  — a' X  tan.  a  t 

the  *^tion  (A),  and  we  get  ^=tan.  ^  +  tan.  a-tan.  ^-tan.  T     ^^°"^ 

die  ether  inactions  are  known.  But  as  the  refractions  vary  more  accurately 
«s  the  tangent  of  the  zenith  distance  diminished  by  three  times  the  refrac- 
tiom  put   a— 3*=«>>  fl^3a:'=7w',  A— 3;2;=n,  A'  — 3j2'=:n',    and    we   have  xzz, 

f^i^a^a  xtan.fw _   ^^  correct  refraction  at  the  apparent  altitude 

IM.  w^tmn.  ffi-tan.  n-tan.  n 

/  xtBXi.m   ^    a?xtan.  w  ^^  i     ,     4?tan.  n       rr, 
«;  hence  we  know  s  =  ^gjjj;^,  *=    tan.  m     ^^^  ^=1557^  *     ^'  ^'P^™' 

lion  may  be  shortened,  by  taking  ar,  Sa:\  3;s,  3;s'  from  the  common  Tables. 
As  «-f  JP>  a'  +  x\  are  the  true  zenith  distances  of  one  of  the  stars  below  and 
abox"^  the  pole,  the  true  zenith  distance  of  the  pole  will  be  one  half  of 
0^jt^a+x'j  which  is  the  complement  of  tlie  latitude  of  the  place. 

Ex.  The  apparent  zenith  distance  of  u  Draconis  below  and  above  the  pole 
i^as  observed  to  be  69°.  5'.  2 ',4  and  1 3°.  8'.  27",2 ;  and  of  «  Ursce  mnoris  53^ 
i^5*j\2  and  29°.  11'.  2S",2;  to  find  tlie  corresponding  refiractions,  and  the 
latitude  of  the  place. 


ON  REPftACHON. 


7d 


a  =  69\  5V     2",4 

fit' =  13.  8.  27,  2 

b  =:  53.  2  .  57,  2 

6'  =  29.  11  .  23,2 

a  +  d  =82.  13.  29,6 

6 -f i'  =  82.  14.  20,4 

C  =   0 .  0 .   50, 8 


a  =  69^     5'.     2  ,4 
ar  =:    O  .     6.  54,  6 

m  =68  .  58.     7,  8 


*  i>' 


tan.  a  =  2,616 
tan.  a'  =  0,233 

2,849 


tan.  b  =  1,329 
tan.  i'  =  0,558 

1,887 


c  =0,962 


-=52",807 
c 

a:  =  52,  807  x  2,6 1 6  =  1 38",2 

^'=2  52,  807  X  0,233  =    12,  3 

z  ==  52,  807  X 1 ,329  =:    70,  2 

z=:  52,  807  X  0,558  =    29,  S 


fl'=13" 
3a:'=   O 


8.  27  ,2 
O.  36, 9 


m'=13  .     7.  50,  3 


b  =  53^     2'.  57%2 
3;s  =    O.     3.  30,  6 

n  :i:  52.  59.   26,  6 


b  Ti  29^   11'.  23",2 
3^'  =     O  .      1 .   28,  5 

n'  =:  29  .     9.  54,7 


tan.  m  =  2,6009 
tan.  ni  =  0,2333 

2,8342 


tan.n  =  1,3266 
tan.  n  =  0,5581 

1,8847 


c  =  0,9495 


->  =  5S\505 
c  ' 

a:  =  53,  505  x  2,6009  =139%2 
x'  =  53,  505  X  0,2333  =    ]  2,  5 

Refraction  at  zenith  dist.  69^ 
,  5'.  2'',4  is  139',2;  at  zenith  dist. 
13^  8'.  27^2  is  12",5. 


=  82°.   13'.  29",6 
=    O.     2.  31,  7 


a-f  a'  +  ^-ha?'  =  82.  16.     1,3 


41. 
90. 


8. 
O. 


0,6 
0 


Lat.  of  Place    48.  51.  59,4 

We  may  get  the  correct  re- 
fractions z^  z'  in  like  manner. 


180.  Fifth  method.  Dr.  Maskelyne  informs  us  in  the  Phil.  Trans.  1787, 
that  Dr.  Bradley  found  his  refractions  in  the  following  manner.  He  observed 
the  pole  star,  and  other  circumpolar  stars,  above  and  below  the  pole,  and  from 
thence  deduced  the  apparent  zenith  distance  of  the  pole.  By  the  apparent  and 
equal  zenith  distances  of  the  sun  at  the  two  equinoxes,  having  at  the  same  time 
opposite  right  ascensions,  as  found  by  comparing  (118)  its  observed  transits 
over  the  meridian  with  those  of  fixed  stars,  he  found  the  apparent  zenith 
distance  of  the  equator,  which  diminished  by  parallax  and  added  to  the  appa- 
rent zenith  distance  of  the  pole,  gave  a  sum  less  than  90°  by  the  sum  of  the 
two  refractions  belonging  to  the  pole  and  meridian  altitude  of  the  equator*. 
Now  he  observed,  that  the  difference  of  the  refractions  at  these  altitudes  came 
out  within  2"  or  3',  from  the  best  Tables  then  extant,  whether  deduced  solely 
from  observations,  or  partly  from  observation  and  partly  from  theory.  Hence^ 
knowing  the  sum  and  difference  of  the  refractions,  he  knew  the  refraction  at 
each  altitude.  He  afterwards  more  accurately  divided  the  sum  of  the  two 
refractions,  by  taking  the  parts  in  proportion  to  the  tangents  of  the  zenith 

^  For  the  sum  of  the  two  true  zenith  distances =90^;  but  the  true  distance  of  each  is  diminished  by 
lefraction,  and  therefore  the  sum  (ailer  the  correction  for  parallax)  must  be  less  than  90®  by  tlie  sum 
rfthe  two  refractions. 
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distances.  The  apparent  zenith  distance  of  the  equator,  by  the  mean  of  20 
obsen^ations  in  1746-47  he  found  to  be  51^  27'.  28"  y  and  the  mean  apparent 
zenith  distance  of  the  pole,  by  observations  made  between  1750-52,  was 
38°.  so'.  35^;  the  sum  of  which  being  89^.  58'.  3"  the  sum  of  the  two  refractions 
is  1'.  57";  consequently  the  polar  refraction  is  45j",  and  the  equatorial  l'.  11^"; 
therefore  the  latitude  of  Greenwich  Observatory  is  5 1^  28'.  39^^".  Dr.  Bradlst 
here  supposed  the  sun's  horizontal  parallax  to  be  lOi";  but  Dr.  Maskeltne 
observes,  that  had  he  taken  it  81",  as  determined  from  the  twb  last  transits  of 
Vemis  over  the  sun,  the  refraction  at  45°,  which  he  fixed  at  57",  would  have 
come  out  56  J",  and  the  latitude  of  the  Observatory  51**.  28'.  40".  Dr.  Bradley 
having  thus  settled  the  refraction  at  the  altitude  of  the  equator  and  pole,  could 
calculate  the  refraction  at  all  higher  altitudes,  or  for  all  stars  between  die 
equator  and  pole,  by  taking  it  as  the  tangent  of  the  zenith  distances,  which 
would  be  very  accurate  for  all  such  altitudes.  Hence,  by  taking  the  altitudes 
of  the  circumpolar  stars  above  and  below  the  pole,  and  knowing  the  refraction 
above,  he  immediately  got  the  refraction  at  the  lower  altitudes  ;  for  knowing 
the  refraction  at  the  altitude  above  the  pole,  he  knew  the  true  altitude  above, 
and  knowing  the  altitude  of  the  pole  he  got  the  true  distance  of  the  star  from 
the  pole,  which  subtracted  from  the  altitude  of  the  pole,  gave  the  true  altitude 
below,  the  difference  between  which  and  the  apparent  altitude  was  the  refrac- 
tion. When  the  weight  and  temperature  of  the  air  remain  the  same,  the  Dr. 
found  that  the  refraction  varied  as  the  tangent  of  the  zenith  distance  diminished 
by  three  times  the  refraction  found  by  the  common  Rule ;  and  having  fixed  the 
refraction  at  45°  (whose  tangent,  if  radius  =  1,  is  unity)  to  be  57^,  if  r  =  the 
refraction  in  the  Tables^  jg=  the  apparent  zenith  distance,  he  got  this  pro- 
portion, r  :  57" : :  tan.  z^Sr:  1.*  And  by  comparing  the  refractions  in  different 
temperatures  of  the  air,  and  at  different  altitudes  of  the  barometer,  he  inferred 
the  following  elegant  Rule  for  determining  the  refraction  at  all  altitudes :  Put 
a  =  the  altitude  of  the  barometer  in  inches,  h^  =  the  altitude  of  Fahrenheit's 

thermometer,  then  the  true  refraction  :  57" : :  -^-^  x  tan.  z-^Sr : ps — .  The 

^%7,0  TPV/l-l 

very  neax  agreement  of  this  Rule  with  that  given  by  Mayer,  and  their  agree- 
ment with  observations,  are  a  strong  confirmation  of  the  accuracy  of  each. 

*  The  application  of  this  Rule  to  find  the  refraction  at  all  altitudes  is  thus :  Let  the  apparent 
zenith  distance  be  z,  then  the  refraction  wiH  be  nearly  57"  Xian.  8,  which  p»t=7 ;  and  the  correct 
mean  refraction  will  be  57' X tan.  z  —  ^.  If  at  very  low  akitodes  it  ghouU  be  required  to  kftfe 
the  refraction  more  correctly,  put  57"  xtan.  t — 3rzrr,  and  the  refraction  becomes  57"  X  Ua. 
s  —  Sr'.  Let  the  refraction  at  the  apparent  zenith  distance  70*  be  required.  The  tangent  of  70* 
is  2,747;  hence  57"  X  2,747  =2".  S6'',6,  which  multiplied  by  3  and  subtracted  from  70»  gives  69*. 
52'.  10",  the  tangent  of  which  is  2,728  ;  therefore  57"  X 2,728  =:  9'.  35',5  the  mean  refraction  at  the 
apparent  zenith  distance  70^.    In  this  manner  Table  XL  was  caloulated, 
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This  correction  for  the  barometer  and  thermometer  may  be  immediately  found 

from  Table  XIL* — The  Instrument  invented  by  Mr.  Ramsden,  called  a  Circular 

Instrument  (for  a  description  of  which  see  my  TrecUise  on  Practical  Astronomy)^ 

is  admirably  calculated  to  determine  the  quantity  of  refraction  at  all  altitudes ; 

for  by  taking  the  altitude  and  azimuth  of  a  body  whose  declination  is  known, 

the  true  altitude  may  be  immediately  computed  from  the  latitude  of  the  place, 

declination  of  the  body,  and  observed  azimuth ;  hence,  tlie  difference  between 

the  observed  and  computed  altitudes  gives  the  refraction  at  that  apparent 

altitude. 

181.  Sis:tii  method*  From  Dr.  Bradley's  observations  of  the  zenith  distances 

of  the  polar  star  above  and  below  the  pole,  and  the  zenith  distance  of  Capella 

south  of  the  zenith  and  below  the  pole,  to  find  the  mean  refraction  at  45^,  the 

barometer  being  at  29,6  inches,    and  the  thermometer  at  50^ ;     also, .  the 

pean  declinations  of  the  pole  star  and  Capella,  and  the  latitude  of  the  places 

Let  Z^  be  the  zenith,  P  the  apparent  place  of  the  pole,  C  the  apparent  place   c 

of  Capella  soutli  of  the  zenith,  c  that  below  the  pole.     Let  the  refraction 

^t  G  (computed  by  Dr.  Bradley's  Rule)  zzC^stPizPy  and  at  r  =: c /  and 

let  the  true  refractions  at  these  places  be  respectively  nCj  n  P,  72c,  or  to 

those  computed  by  Dr.  Bradley's  Rule,  in  the  ratio   of  n:  1.     Then 

the  true  polar  distance  of  Capella  from  the  observation  above  the  pole  znZC 

-{-nC-k-ZP  -^nPj  and  below  the  pole   ^Zc-^-nc-^ZP^nP ;  hence,  n= 

Zd  4-  qZP  —  Zc 

^    u^f — •     But  as  ZPy  the  apparent  zenith  distance  of  the  pole, 

cannot  be  observed  directly,  let  ZQ  be  the  apparent  zenith  distance  of  the 
pole  star  above  the  pole,  and  ZS  that  below,  and  n  Q,  n  S^  the  respective 
refractions;  then  ^  (ZQ  +  Z5)  -h^wQ  +  n5)  =  co-latitude  ;  but  this  quantity 
added  to  the  true  zenith  distance  of  Capella  south  of  the  zenith  =  true  distance 
of  Capella  below  the  pole,  lessened  by  the  same  quantity;  hence,  |  (^ZQ  +  ZS) 
+  ^    (nQ-^^nS)    +ZC-^nC=,ZC'i-nc^^    (ZQ-hZ5)-i   (wQ  +  w5),    and  w  = 

^+ZQ  +  ZS-^  the  ratio  of  the  refractions  to  Dr.  Bradley's  refraction. 

If  a  number  of  zenith  distances  of  the  pole  star  above  and  below  thQpole  be 
observed,  and  also  of  Capella  south  of  the  zenith  and  below  the  pole,  and  their 
refractions  be  computed  by  Dr.  Bradley's  Rule^  the  mean  of  each  being  takian, 
we  shall  obtain  n  more  accurately*  For  example : 


Q 
P 


ZC  mean  of  25=  5^  45'.  38",4 

ZQ  94=  36.  28.  22,23 

ZS  109=:  40.   32.  50,65 


Sum 

Zc  mean  of  44, 

ff 

Dif.        ^       .    : 

VOL.  I. 


82.  48.  51,28 
82.  41.  25,14 


5.  26,14 


C  mean  of  25  =  O'.    5",78 

Q  94=0.    42,6 

S  109=0.    48,64 


Sum    - 

c  mean  of  44: 

Dif. 


=1.    37,02 
:6.    58,48 

■     ■  ■■!" — r 

=5.    21/l'6 


M 
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Hence^  «  =  ^—2j'-g  =  l.  01456,  which  multiplied  by  57"  Dr.  Bradley's  re- 
fraction at  45°  gives  57",83  the  corrected  refraction. 

Or  n  may  be  found  thus :  Let  the  observed  zenith  distances  of  two  circum- 
polar  stars  above  and  below  the  pole,  when  corrected  for  the  equations  of  the 
stars  to  reduce  them  to  their  mean  place,  and  reduced  by  precession  to  the 
same  epoch,  be  Aj  JB,  and  C,  Z),  the  former,  that  nearest  the  pole ;  and  the 
corresponding  computed  refractions  by  Dr.  Bradley's  Rule,  be  a,  by  and  c,  dg 
then  double  the  co-latitude  will  heA  +  a-^B  +  b  and  C+ c  +  D  +  rf;  but  calling, 
the  corrected  refractions  na,  nb^  nc^  ndj  we  thea have  A'^na'k'B  +  nbssC  +  nc 

-^-D-^ndy  and  n= ^ r 

Let  one  of  the  stars  be  the  sun,  and  C,  D  its  observed  zenith  distance,  at  the 
summer  and  winter  solstice,  corrected  by  its  parallax,  equation  of  obliquity^ 
and  reduced  by  its  gradual  diminution  to  the  same  epoch  as  for  the  star )  then 
the  double  latitude  for  the  sun  =C+nc-fD  4- 7k/,  and  co-latitude  for  the  star 
=^4-«/x  +  jB-hni/  hence,^+na  +  JB+nA  +  C4-nc  +  Z)  +  «rf=180%    and  ii=s 

g  +  ft  +  c-t-rf •  these  methods  were  given  by  uu  Maskelyne. 

Having  thus  explained  the  practical  methods  of  finding  the  refiiu^tion,  we 

proceed  to  investigate  its  laws. 

FIG.  182.  Let  ACn  be  the  angle  of  incidence,  ACm  the  angle  of  refraction,  and 

34,      consequently  w?Cn  the  quantity  of  refraction;  let  AT  he  the  tangent  of^m, 

mv  its  sine,  rm  the  sine  of  Ariy  and  draw  rm  parallel  to  tw  /  then  as  the  re^ 

fraction  in  air  is  very  small,  we  may  consider  wm  as  a  rectilinear  triangle,  and 

CVti  X  Tit 

hence,  by  similar  triangles,  Oo  iCmv.m  \  mnzz — q^ — ;  but  Cm  is  constant, 
and  as  the  ratio  of  im;  to  n^  is  constant  by  the  laws  of  refraction,  their  difife* 

rence  m  must  vary  a^mv;  hence,  nm  varies  as-r^  /  but  A  T^ — qj^ —  which  va- 
ries  as  tt-,  because  Cm  is  constant ;  hence,  the  refraction  mn  varies  as  ATy  the 


tangent  of  the  apparent  zenith  distance  of  the  star,  because  the  angle  of  refrac- 
tion  AQn  is  the  angle  between  the  refracted  ray  and  the  perpendicular  to  the 
surfitce  of  the  medium,  which  perpendicular  is  directed  to  the  zenith..  Whilst 
therefore  the  refraction  is  very  small,  so  that  rmn  may  he  considered  as  a  recti^ 
linear  triangle,  this  Rule  will  be  sufficiently  acciurate ;  otherwise  we  must  use 
Dr.  Bradley's  Rule,  the  demonstration  of  which  is  given  by  Boscovich  in 
his  Works,  Vol.  U.  but  one  of  the  principles,  that  the  force  with  which  the  ray 
is  attracted  in  passing  through  the  air  may  be  considered  as  uni&rm,  is  taken 
£rom  Mr.  Simpson'^s  Solution  m  his  Mathematical  Dissertations.  We  shall 
tber^(»re  ftrst  give  his  reasons  fi>r  this  supposition.    Afler  constructing  hi» 
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Table  of  refraction,  he  observes,  that  the  only :  material  objection  which  it  is 
liable  to  is,  its  being  founded  upon  supposition,  that  the  density  of  the  air  de- 
creases uniformly,  which  appears  contrary  to  experiment,  whereby  it  is  proved*, 
that  the  density  of  the  air  decreases  as  the  compressing  force  decreases :  But 
though  this  is  true  in  air  of  the  same  temperature,  yet  it  cannot  be  supposed  to 
hold  true  in  the  earth's  atmosphere,  since  the  upper  region  thereof  is  known 
to  be  much  colder,  and  consequently  the  elasticity  there  is  much  less  than  at 
the  earth's  surface:  But  a  convincing  proof  that  this  law  of  density  cannot 
obtain  in  our  atmosphere  is,  that  the  mean  horizontal  refraction  computed  from  - 
it,  according  to  the  known  refractive  power  and  specific  gravity  of  the  air,  will 
be  found  to  come  out  no  less  than  52',  which  is  greater  by  about  -^  of  a  degree 
than  it  ought  to  be,  it  being  only  33' ;  whereas,  if  the  same  refraction  be 
calculated  upon  the  hypothesis  of  the  density  decreasing  uniformly,  and  com- 
pared with  observations,  the  difference  will  be  much  less.  This  latter  hypo- 
thesis will  therefore  best  correspond  to  the  state  of  our  atmosphere. 

183.  Let  us  therefore  suppose  the  atmosphere  to  be  divided  into  an  infinite 
number  of  lamina  concentric  with  the  center  of  the  earth,  and  of  an  equal 
thickness,  then  the  density  of  these  lamina  is  supposed  to  decrease  uniformly, 
for  the  reasons  above  given,  and  therefore  the  difference  of  the  densities  is  con- 
stant. But  when  a  ray  of  light  passes  out  of  one  medium  into  another,  it  is 
attracted  by  a  force  which  depends  on  the  difference  of  their  densities,  and 
therefore  when  the  difference  is  constant  the  force  is  constant.  Hence,  a  ray 
of  light  descending  through  the  atmosphere  may  be  supposed  to  be  attracted 
by  it  in  a  direction  perpendicular  to  the  surface  of  the  earth  by  a  constant 
force. 

184.  Let  C  be  the  center  of  the  earth,  AM  its  surface,  ZF  the  top  of  the      ri<5. 
atmosphere,  FA  the  passage  of  the  ray;  draw  the  tangents  SFH^  I  AG  cutting      ^^* 
each  other  in  7,  and  let  CH^  CG  be  drawn  perpendicular  to  them,  and  AL 
parallel  to  CF.    Now  the  state  of  the  atmospliere  remaining  the  same,  the 

sine  of  incidence  is  to  the  sine  of  refraction  for  each  lamina  in  fi,  given  ratio, 
therefore  by  composition,  the  sine  of  incidence  CFH  at  Fis  to  tlie  sine  of  re- 

fraction  CAG  at  ^  in  a  given  ratio.  Hence,  if  radius  =  1,  jrp  and  >t^  will  be 
these  respective  sines ;  but  the  velocities  at  F  and  A  are  as  CG  to  CHj  which 

,  J    -r.  ,^-r,  >n,,-.  CH     CG      1  4  A 

assume  as  l  to  1  +&/  and  if  MF=ze^  C3/=l,  -^  :  j^-j::  j--—  :  1;  put  m 

1  +6 
=  -z — ,  U  =  angle  CAG^  and  then  1  :  m::  sin.  a  :  sin.  CFHs=m  x  sin.  a.    Let 

X  =  angle  ACF^  r  =  angle  GIH  of  refraction.  In  the  quadrilateral  figure 
CAJFj  the  angle  ACF -^^  IFC=^the  sum  of  the  external  angles  GIH  -^  CAG ^ 
hecBuae  FIA  +CAI  added  to  each  would  make  the  sum  equal. to  fbur right 
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angles;  hence,  IFC  or  CFH-CAG-ACF-^GIH,  that  is,  wxsin.  0=8111. 

tf— 5— r,  therefore   1  :  m::sin.  «  :  sin.  a^x-^r ;  but  by  plain  trigonometry, 
the  sum  of  the  sines  of  two  angles  :  their  difference ::  tan.  of  half  the  sum  oiF 

the  angles  :  tan.  of  half  their  difference ;  hence,  1  4-  wi  :  l—mw  tan.  a  -  ^u:— r 
:  tan.  4.0:— r,  and  as  this  ratio  is  constant,  tlie  tan.  a^^^x-^r  varies  as  the  tan. 
^.x — r  ;  but  as  the  difference  between  x  and  r  must  be  very  small,  the  tangent 
of  ^^r—r  may  be  considered  as  equal  to  the  angle  itself  ^..r—r;  also,  a  is  the 
apparent  zenith  distance ;  hence,  the  angle  ^.o:— r  varies  as  the  tangent  of  the 
apparent  zenith  distance  diminished  by  \.x-^r.  If  therefore  the  ratio  of  i?  to  r 
be  constant,  then  J7— r,  and  consequently  r  itself,  will  vary  as  the  tangent  of* 
the  zenith  distance  diminished  by  some  multiple  of  r;  for  if  rfrno?,  then  4?-*r=r' 
dr — r=rf — Ixr;  let  therefore   l+iw:l — wi::tan.   a — ^nr  ;  tan.  1  nr,  and 

then  the  refraction  r  varies  as  tan.  a  — i  nr.    On  this  supposition  i«r — rzz\ 
nry  OTx^rzznr.     That  a:  is  to  r  in  a  constant  ratio  may  be  thus  proved. 

185.  Let  us  conceive  AF  to  be  an  indefinitely  small  part  of  the  whole 
curve,  taken  any  where,  and  AL  (which  is  drawn  parallel  to  FC)  is  the  sagitta 
of  the  curve.     Put  i;=:the  velocity  through  FAy  i= the  time,  J8f=CF,  z=iFM^ 

i=the  angle  FCAy  r  =  the  angle  G/ff,/=the  force  in  the  direction  FC. 

•  •  •      . 

Now  from  the  principles  of  Mechanics,  AF=.  vtj  and  tlie  sagitta  LA  =  ^  ^  =/f* ; 

hence,  the  tangent  -4/(which=^^2^  =  ^f^;  also,  as  the  arc  varies  as  the 

angle  multiplied  into  the  radius,  AM=z.Vj  and  the  sine  of  A  LI  or  CFL 

^AM_zv  ,      ,      zx 

"'Jp r;  tut  A I ;  AL:\  sin.  ALT  :  sin.  AIL^  that  isi,  \vt  :Jt'  ::  -y  :  siru 

r  orr,  hence^  t=i-^*    Now  if  we  consider  the  velocity  and  distance  from 
the  center  as  having  but  a  very  small  variation,  and  y to  be  constant  (183), 

we  may  consider  -.,  as  constant,  and  consequently  r  varies  as  i*,  therefore  r 


X 


varies  as  x  when  ^F  is  finite.     Hence  (184),  r  varies  as  the  tan.  a — iwr. 

186.  Because  1 +/»  :  1  —  77i::tan.   a— inrrtan.  jnr::(by  trig.)   sin.   a-t 

sin.  a — nr  :  sin.  a— sin.  a — nr,  hence,  m  x  sin.  a=sin.  a — nr=  (by  trig.)  sin* 
a  X  cos.  nr  —  sin.  nrx  cos.  a  =  (because  nr  being  a  very  small  arc  its  co6.= 

y/ 1  —  n Y%  =  1  —  ^  nV,  and  the  sine = arc  very  nearly)  sin.  a — sin.  a  x  ^  n^r*--^ 

nr  X  COS.  a^  and  by  dividing  by  sin.  a,  we  have  m  =  1 — ^  wV*  ^nr  x  cot.  a.    Now 

let  a  be  any  other  apparent  zenidi  distance,  and  r  the  refraction,  then,  for  the 

same  reason,  m  =  1 — ^  nV^^^^r  x  cot.  a  ;  make  these  values  of  wi  equal,  and  we 

r  X  cot.  a — r  x  cot* «      ^^       •      ^     *^  .       , 

get  +  n=s r*— hK* •        ^^    y  Bradley  8  observations,  if  a 

=  60%  r=l\  88%4j  aiidif  a=90%  r  i=  33' j  hence »  ^  n=:2j996},he  therefore 
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assumes  ^n  r:  3 ;  iSke  refradaoTi  therefore  varies  as  the  tang.  a-^Sr^  that  id^  the 
refr action  varies  as  the  tangent  of  the  apparent  zerdth  distance  diminished  by  three 
limes  the  refraction.  Simpson  makes  n=.Sj5^  Cassini  =: 6,452  and  Bouguer 
=6,645.  But  Dr.  Bradley's  value  is  most  to  be  depended  upon,  as  best 
agf  eeing  with  observations,  which  we  shall  therefore  follow,. 

1^7.  Because  wi=  1  -^i^nW^^-^nr  x  cot*  a,  therrfore,  as  ^  n*r*  is  very  small  in 
respect  to  the  oth»  terms,  «i=  1  —  tit  x  cot*  a  ;  hence,  1  — wi=nr  x  cot.  a.  For 
the  horizontal  refraction,  a  =  90%  r=3S';  therefore  w  =  l— J  «V  =  cos.  nr ^ 
hence,  if  «  =  6,  wehave  77i  =  cos.  6r  =  cos.  8'.  18"=0,9983.  Hence  also  (184), 
d^— r =/»•=: 6r,  according  to  Dr.  Bradley,  therefore  x^lr^  or  the  angle 
which  the  re&acted  ray  subtends  at  the  center  of  the  earth =7  times  the  refrac*^ 
tion. 

188.  Join  07,  and  let  the  angle  ACI-y^  then  CIA  or  CIGzz^a — y,  CIH 
zs.q — ^  +  r,  and  their  sines  are  as  the  perpendiculars  C6r,  CH,  which  are  in- 
versely  as  the  velocities  at  A  and  2^,  or  as  1  :  1  -f  &  ;  hence,  1  +  6  x  sin.  ai—y 
=:sin.  a  — y  +  r = sin.  a  ~y  x  cos.  r  -f  sin.  r  x  cos.  a  — ^  =  (because  r  being  very 
small  its  gos.  =  1,  and  It's  sine=r)  sin.   a— y+r  xcos.  a— y  /    hence,  1+fr 

=rl  4-r  X  cot  a— y,  and  ftt=r  x  cot.  flf  — y.  But  if  we  make  a  approach  to  90% 
y  will  be  very  small  when  compared  with  «,  therefore  bzzrx  cot.  a.  If  a  =  60% 
then  r=l'.  S8%4  according  to  Dr..  Bradley;  hence,  i=zr  x  cot.  a  =  sin.. 
rxcot.  IT =0,0002755;  therefore  the  sine  of  incidence  out  of  a  vacuum  into 
air  at  the  mean  density  at  the  earth's  surfiice  is  to  the  sine  of  refraction  as 
1,0002755  :  1.  Mr.  Hauksbee  makes  it  as  1.000264  :  l  by  experiment.  As 
>=rxcot.  flf,  therefore  66  =  6r  xcot. a  =  l— tw  from  the  last  Article ;^  hence, 

6     ^ 

1 89.  Having  determined  the  values  of  b  and  m,  we  get,  from  the  equatioa 

1+*  ,t        ,       ^       1-w  +  i       .     .     1— mV  — 7w 

J-— =m,  the  value  of  te= — ^ — =  (asi=—g—)-g— =0,001942  parts  of 

the  earth's  radius  =  77,25  miles,  the  altitude  above  the  earth'^s  surface  at  which 
the  air  begins  to  have  any  sensible  effect  on  the  rays  of  light  to  refract  them. 

190.  The  refraction  varies  as  the  tan.  a  — 3r  at  any  altitude  above  the  earth*^ 
sur&ce  }  for  the  proof  remains  the  same  for  whatever  part  of  the  curve  you  take 
from  the  top  of  the  atmosphere.  Hence  we  may  find  the  refraction  at  any  alti- 
tude, by  making  e  denote  its  distance  from  the  top  of  the  atmosphere  \  for  by. 

.  7  .  . 

the  last  Article  m  =  ^     ^ = (by  division,  and  neglecting  all  the  powers  of  e 

€e 
dbove  the  first  on  account  of  their  smallttess)  l— — =(187)  cos.  6r ,-  hence,  this- 

cos.  of  6r  being  known,  Sr^  and  consequently  r  itself,  the  horizontal  refraction! 
in  this  case,  wiU'be  known,  and  hence  the  refraction  at  any  other  altitude* 
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191.  As  (186)  mxsin.  ar:sin.  a  — 6r,  according  to  Dr.  Bradley,  put  jis 
the  complement  of  a,  and  let  mxcos.  ji=cos.  q^  then  cos.  ^=771  x  cos.  pzs 
mxsin.  a=:sin.  a-6r=:(as  a  =  90''-.ji)  sin.  9Qf—p — 6r=cos.  p  +  6r,  hence, 

p  +  6r = y,  therefore  r  =    g"^.    This  expression  is  accommodated  to  find  the 

refraction  below  the  horizon,  when  the  observer  is  elevated  above  it,  by  making 
p  n^ative.  Hence,  the  refraction  below  the  horizon  increases  very  £ut^  r 
being  expressed  by  the  sum  oip  and  q. 

6e  6e 

192.  In  the  horizon,  cos.  6r  =  1 — — ,  therefore—  =  1  —cos.   6r=ver.  sin.  6r 

=:  1 8r^  by  the  property  of  the  circle ;  consequently  the  horizontal  refractioii 
r  varies  as  the  square  root  of  ^.  Hence,  if  h  be  the  altitude  of  the  atinospheret 
we  know  the  horizontal  refraction  at  any  altitude  h-^e  above  the  horizon,  for 

it  will  be  to  the  horizontal  refraction  on  the  earth's  surface  as  ^e  :  y/A.    The 
horizontal  refraction  therefore  being  known,  the  refraction  at  any  other  altitude 
will  be  known. 
^iG«  193.  Upon  the  same  principles,  we  have  a  very  elegant  method  of  finding 

^^*  the  radius  of  curvature  to  the  curve  which  the  ray  describes.  Let  AF  be  an 
indefinitely  small  part  of  the  curve  adjacent  to  ^  the  surface  of  the  earth,  and 
conceive  AZV  to  be  a  circle  of  curvature,  O  its  center,  and  QOK  perpendi- 
cular to  AVy  which  therefore  must  bisect  AV.  Then  the  angle  AIEzuFOA 
z^iFFAzzFKA;  but  (187)  7AIE  =  FCA,  therefore  IFKAzzFCA  ;  hence, 
AK:=lTAC  the  radius  of  the  earth,  and  therefore  is  a  constant  quantity  for  all 
angles  lAE.     Hence,  the  center  of  the  circle  of  curvature  is  always  in  the  line 

AK 

QK.    By  trig.  AO  :  AK::  rad.  =  1  :  sin.  AOK  or  lAE  ;  hence,  J0= 

TAC 
=    WJV9  ^d  as  AC  is  constant,  the  radius  of  curvature  varies  inversely  as 

the  sine  of  the  apparent  zenith  distance.  Hence,  for  horizontal  refractions,  the 
radius  of  curvature  is  equal  to  7  times  the  radius  of  tiie  earth.  This  agrees 
with  the  conclusions  deduced  by  J.  H.  Lambert  in  his  very  elegant  Treatise 
entitled,  Les  Proprietes  rcmarquables  de  la  Route  de  la  Lumiere  par  les  Airs^ 
which  he  has  applied  with  so  much  success  to  terrestrial  refractions,  and  which 
we  shall  now  proceed  to  consider. 

194.  Suppose  MFto  be  any  object,  and  FA  the  curve  described  by  a  ray  of 
light  coming  from  Fto  A  ;  then  for  so  small  a  distance  we  may  suppose  FA  to 

7AC 

be  circular.     Let  m=tsin.  JF14JE,  then  -40  = is  known.     Now  the  effect 

m 

of  refraction  in  altering  the  apparent  altitude  is  the  angle  between  A I  and  the 

chord  drawn  to  the  arc  FA  ;  for  the  latter  is  the  direction  in  which  F  would  be 

seen  if  there  were  no  refraction,  and  the  former  if  seen  by  refraction;  but  this 
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FA 

angle  between  the  chord  and  tangent  must  be  equal  to  \FOA  =s  ^-j/i'  ^^'  ^"^ 

-d^,  and  AO-^—;  hence, the  refraction  =  -^^=—  of^  the  angle  ACM. 

Hence,  any  point  situated  m  the  line  MFj  and  seen  at  Ay  has  the  samere- 
faction,  for  it  is  independ^fit  of  the  altitude  MF;  consequently  any  object 
situated,  in  a  line  perpendicular  to  the  earth  will  not  have  its  apparent  length 
altered  by  refraction,  because  each  end  will  appear  equally  devated  by  it. 
Hence  also,  the  terrestrial  refraction  varies  as  the  distance  AM.  If  therefore 
MFhe  a  mountain,  and  we  want  to  find  the  altitude  frt)m*  the  given  distance 
AM9  and  the  apparent  angle  of  elevation  MAIj  we  must  first  correct  this  an- 
gl?  by  subtracting  from  it  -^  of  ACM. 

195.  Hencef  we  may  readily  find  the  distance  at  which. an  object  of  a  given 
altitude  whose  top  is  depressed  below  the  horizon,  may  be  seen,  by  refifaction; 

For  take  AKzuTAC^  and  with  the  center  K  describe  the  circle  Ar,  and  the     fig* 
point  r  will  be  seen  by  refraction ;  draw  srvC^  and  Av-  is  the  distance  at  which      37* 
an  object  vr  is  visible ;  draw  also  the  tangent  Ax.    Now  the  angles  AOvj  AKr 
being  very  small,  and  the  arcs  Ay^  Ar  very  nearly  equal,  sr  :  sow  AC  :  AK : : 

i  :  7,  and  tr  :  w::  6  :  7,  therefore  sozz—L ;  but  sv  =  -iL,  the  radius  of  the 

6  2 

earth  being  unity;    therefore :=^,  consequently  ^ v = y/il^ — v^— ^* 

2        6  6    ""        d 

Hence,  the  distance  at  which  an  object  can  be  seen,  varies  as  the  square  root 
(^  its  altitude. 

196.  If  yw  be  perpendicular  to  the  surface  of  the  earth  and  equal  to  tr,  the 

object  vr  can  be  seen  at  y  without  refraction  j  but  yw  or  tr =^L  •    hence,   Av 

=y/2vr,  therefore  the  distance  at  which  an  object  can  be  seen  by  refSaction  t 
distance  at  which  it  could  be  seen  without  refraction ::  y/  Zl2!!   :  ^/^^ : :  ^/ir 

;  \/6"  which  is  nearly  as  14  :  13. 

197.  An  eye  at  r  sees  A  in  the  direction  of  the  tangent  at  r,  and  therefore 
it  appears  below  the  horizon  at  v  by  the  angle  formed  by  the  two  tangents  to 

r  and  »,  or  by  the  angle  CrK.    Now  (195)  Av^  or  the  angle  AOv^  =»/_2H*  > 

3 

and  Kr  :  CK(^ : :  7  :  6) : :  sin.  rCK  or  rCA  :  sin.  CrK : :  (on  account  of  the  small. 

ness  of  these  angles)  tCA^  or^/ 1!!., :  OrKzzs/  ^^^  the  depression  of  the 

3  7 

point  A  below  the  horizon.  Hence»  the  depression  below  the  horizon  varies  as 
the  square  root  of  the  altitude* 
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198.  Considering  the  arcs  Av^  Ar  as  equal  on  account  of  the  smallness  of  the 

angle  ACv^  the  sagittas  ^r,  sr  will  be  inversely  as  the  radii;  hence,  w  :  ^::  7 

:  1,  therefore  rv  :  «;::  6  :  7,  and  consequently  the  point  r  appears  to  be  ele- 

Av"" 
vated  by  a  quantity  equal  to  ^  »r  or  J-  ^';  but  ^z:-^",  therefore  5r(=:|-TO} 

=r  £!L.    Hence,  as  the  refraction  remains  nearly  the  same  for  all  objects  near 

the  horizon,  this  correction  must  be  made  in  calculating  the  altitudes  of  such 
dtgects  fropi  the  apparent  angles  of  elevation.  All  the  above  nuQibei:s  are 
&^  the  mean  state  of  the  air. 

199.  Hence,  we  may  find  the  altitude  zr  of  a  cloud  at  r,  by  observing  the 
instant  when  it  ceases  to  be  enlightened  by  the  sun ;  for  at  that  time  calculate 

I  the  depression  of  the  sun  below  the  horizon,  and  from  it  subtract  the  hori- 
zontal re&actton  and  you  will  have  the  true  depression  below  the  horizon,  or 
the  angle  between  A^  and  a  tangent  tp  t;,  or  the  angle  AQo  ;  hence  w?  know 
Av^  and  consequently  vr.  This  supposes  that  the  ray  coming  to  the  cloud  is  a 
tangent  to  the  surface  of  the  sea,  or  to  an  horizontal  plane  at  land. 
Fio.  200.  Le|;  SB  be  a  ray  of  light  falling  on  the  atmosphere  at  B  and  re£racte4 

^^*  in  the  curve  BAJEi  touching  flie  earth  at  A^  and  emerging  in  the  direction  ILF^ 
meeting  DC  parallel  to  SB  in  F;  to  find  CF.  As  Co  is  a  perpendicular  upon 
the  incident  ray,  and  CA  upon  tlie  refracted  ray,  they  will  be  as  the  sine  of 
incidence  to  the  sine  of  refraction  out  of  a  vacuum  into  air  of  the  same  density 
as  that  at  the  earth's  suil&ce,  or  as  1,0002755  :  1;  hence,  put  9»=  1,0002755  s  - 
Cv  —  Cr^  n  =  the  angle  C2^r  =  2^;ja:=rO=:2iiO,  or  twice  the  horizontal  refrac^ 
tiop,  and  GF=  Ot;  x  cosec.  «=  (if  n=66')  53,1  radii  of  the  earth.  If  the  di- 
rection of  the  ray  of  light  be  not  parallel  to  DC  but  to  dCf^  and  the  angle 


dCD  be  put=::.r,  then  the  angle  rCf=n  +  ^,  and  Cf=v  x  cosec.  n-\-x. 

201.  If  the  line  dC  \>q  supposed  to  jpin  the  centers  of  the  sun  and  earth,  and 
the  ray  SB  to  come  from  the  limb  of  the  sun,  Cf  will  be  the  length  of  the  total 
shadow  of  the  earth,  as  all  the  umbra  beyond^will  have  some  rays  of  the  suri 
by  refraction.  Now  let  a?=16'  the  sun's  seipidiameter,  and  (^±=i;  x  cosec. 
82=41,94  semidiameters  of  the  earth,  which  being  very  little  more  than  $  Of 
the  distance  of  the  moon,  it  appears,  that  in  a  total  eclipse  of  the  moon,  some 
rays  from  the  sun  must  fall  upon  it,  which  is  the  cause  of  its  being  visible  iii 
that  sitpation. 

202.  Having  thus  fully  explained  the  principles  of  refraction,  and  the  me- 
thods of  constructing  the  Tables  for  the  mean  refraction,  it  will  be  proper  to 
give  spme  account  of  the  variations  to  which  the  air  is  subjept,from  i^  change 
of  temperature  and  density,  for  which  proper  corrections  are  given,  except 
when  the  observations  are  very  near  to  the  horizon,-  where  changes  frequency 
take  place  which  cannot  be  altogether  accounted  for,  and  for  which  therefore 
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no  correction  can  be  applied;  they  probably  arise  from  exhalations  of  various 
kinds  which  are  suddenly  raised  and  suspended  in  the  air  near  to  the  earth's 
surface,  the  causes  of  which  do  not  sensibly  affect  the  barometer  and  thermo^ 
meter.  Hence,  all  observations  made  very  near  to  the  horizon  must  be  subject 
to  a  very  considerable  degree  of  uncertainty,  and  therefore  Astronomers  never 
use  them  when  great  accuracy  is  required. 

20S.  Tycho,  when  he  constructed  his  Table  of  refraction,  knew  that  it  was 
suligect  to  variation;  but  Cassini  and  Picard  were  the  first  who  measured 
accurately  the  change.     Picard  found,  from  the  meridian  altitudes  of  the  sun, 
that  the  refraction  was  greater  in  winter  than  in  summer;  he  observed  also,  that 
it  was  greater  in  the  night  than  in  the  day.     And  from  observing  the  horizontal 
refraction  of  the  upper  limb  of  the  sun  when  it  first  appeared  in  the  horizon, 
and  then  that  of  the  lower  limb,  he  found  that  in  the  time  in  which  the  sun 
waa  rising,  the  refraction  was  diminished  25".     Bouguer  observed  in  America, 
that  the  refractions  in  the  night  were  greater  than  in  the  day,  by  about  -^  or  | . 
Dr.  Nettleton  measured  the  altitude  of  an  hill  in  a  clear  day;  and  repeating 
the  observations  in  a  cloudy  day  when  the  air  was  somewhat  gross  and  heavy, 
he  found  the  angle  considerably  greater.     He  also  observed,  that  the  altitudes 
of  some  of  the  hills  which  he  measured  appeared  greater  in  the  morning  before 
sun  rise  and  late  in  the  evening,  than  at  noon  in  a  clear  day.     At  the  time  of 
the  great  frost  at  Paris  in  1740,  Monnier  observed,  when  the  thermometer 
was  IQP  below  the  freezing  point,  that  at  the  apparent  altitude  4°.  44^'  the  re- 
fraction was   11'.  15";  but  when  the  mercury  stood  at  24°  above  the  freezing 
point,  the  refraction  at  the  same  altitude  was  found  to  be  only  9'.  20";  hence 
there  was  a  difference  of  l'.  55"  for  36^  of  the  thermometer.     The  barometer 
{I     was  at  28  inches.     From  these  differences  of  refractions  in  summer  and  winter, 
in  the  day  and  night,  it  might  be  conjectured  that  the  refractions  would  be 
greater  towards  the  north,  where  it  is  colder.     But  the  French  Academicians 
in  tlie  year  1737,  at  Tornea  on  the  borders  of  Lapland,  where  they  were  sent 
to  measure  a  base  in  order  to  determine  the  length  of  a  degree  of  latitude, 
found  that  the  refractions  agreed  with  those  at  Paris.     M.  de  la  Caille  hoM'- 
ever  found  that  the  refractions  at  the  Cape  of  Good  Hope,  were  about  ^  less 
than  at  Paris ;  from  which  small  difference,  he  concluded  that  a  Table  of  re- 
■  fractions  might  be  constructed  which  would  "answer  very  accurately  for  every 
part  of  the  temperate  zone.     In  the  torrid  zone  M.  Bouguer  found  the  hori- 
zontal refraction  to  be  27';  at  6°  high,  7'.  4";  and  at  45°  high,  44".     Admit- 
ting therefore  the  refraction  to  be  less  in  climates  warmer  tlian  at  Paris,  wc 
may  conclude  that  it  must  be  greater  in  those  which  are  colder,  and  that  it  was 
from  want  of  a  sufficient  number  of  observations,  or  from  their  inaccuracy, 
that  the  Academicians  in  I^apland  did  not  find  it  sor         *  ' 
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204.  The  refraction  being  thus  found  to  vary  in  different  states  of  the  air^ 
the  next?  enquiry  is^  what  allowance  must  be  made  fbr  any  variation  of  the 
temperature  and  weight  of  the  air,  from,  any  standard'  which  we  may  make  the 
mean^  Dr.  Bradley  made  29,6  inches  the  mean  standard  £3r  the  barometer, 
and  as  Mr.  Hauksbee  had  determined  fix>m  experiment  that  the  reiraction 
was-in  proportion  to  the  density  of  the  air^  it  must  also  be  as  ihe  altitude  of  die 
mercury  in  the  barometer.  Now  in  the  mean  state  of  the  air,  that  is,  when 
the  barometer  is^  at  29,6  inches,  and  Fahrenheit's  thermometer  at  50^^  the 

refraction  (180)  :  57"::  tan.  r— 3r  :  1;  hence,  at  any  altitude  («)  of  the  mer- 
cury, the  refraction  :  ST::a  xtSLU.  xr  — Sr  :  29;6.  The  refraction,  thus  cor- 
rected for  the  variation  of  the  weight  of  the  air,  agrees  very  well  with  observ- 
ations. The  next  thing  to  be  done  is,  to  find  how  the  refraction  varie§  in  dif? 
ferent  temperatures.  M.  de  la  Caille  found  that  the  refraction  ^^as  diminished 
-^  part  from  an  increase  of  10°  in  the  altitude  of  the  mercury  in  the  thermometer 
of  Reaumur,  Mayer  observed' that  the  refraction  varied  about  -^  part  for  10^ 
of  variation.  M.  Bonner  made  some  experiments  in  order  to  determine  tHe 
variation  of  refraction  arising  from  that  of  the  temperature ;  calling  tiie  refrac- 
tion unity  for  the  altitude  l(f  of  the  thermometer,  he  found  the  refraction  ta 
be  0,92  at  the  altitude  30%  or  diminished  -^  for  a  variation  of  10®^  and  at  S^ 
below  qP  he  found  the  refraction  to  be  1 ,085  or  — V«  for  a  variation  of  10^; 
The  mean  of  these  differ  but  very  little  from  the  determination  of  Mayer. 
The  observations  upon  which  Dr.  Bradley  formed  his  rate  of  variation,  have 
never  been  published.  He  used  Fahrenheit's  thermometerj  and  fixed  the 
mean  temperature  at  50®;  and  if  h°  be  any  other  altitude,  he  found  that  the 

refraction  varied  in  the  ratio  of  400°  :  A°  +  350%  or  1  :  ^'^  -»"  ^^ ,  Hence, 
allowing  fbr  the  variation  of  temperature  and  weight,  he  found,  the  true  re- 

fraction  :  57'  ::    ^q  ^  xtan.js— 3r  :  — joo^^*     ^"^  ^^^  agrees  very   accui- 

rately  with  the  Rule  deduced  by  Mayer. 

205.  When  the  sun  is  in  the  horizon,  the  rays  in  passing  very  obliquely- 
through  the  atmosphere  are  so  fiir  separated,  that  M.  Bouguer,  in  a  Work 
entitled  IVaitS  (FOptique  sur  la  GradaUon  de  la  Lumiire^  has  concluded  from 
experiment,  that  the  intensity  of  light  is  1 354  times  less  than  when  the  sun  is 
in  the  zenith.  M.  de  Mairan  thinks  that  the  weakness  of  the  sun's  rays  in  the 
former  case  is  principally  to  be  attributed  to  the  quantity  of  vapours  with  which 
the  lower  parts  of  the  atmosphere  are  always  filled. 

206.  It  is  owing  to  the  atmosphere  that  we  have  any  twilight  in  the  mora* 
ing  and  evening,  which  arises  both  from  refraction  and  reflection  of  the  sun's 

39.*     rays.     It  may  be  explained  thus.     Let  AB  be  the  surface  of  the  earth,  Sm  a 
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»y^of  iigbt  coming  from  Hdie  sun,  and  ibeguming  t049e  dnefir&cjsd  atffi>*  M  it 
describe  the  curve  m£n  4oucfaiffig  the  eai^  at  B^  land  at  n  tet  /it  be  .if^^ted 
into  ihe  curve  nA,  touohing  tte  ;eartii  *at  A^  the  j^laoe  ie>f  rdia  $peqttitar; :  ^ 
this  position  therafbce  tof  die  .^mn,  ithe  twilight  juBt  appears;  draw  the  4sat)g^ta 
Avz^  me,  St;,  and  join  tmC.  Then  «^  r(theTadiii0(of  curvatmte  to  the  ^arc  An^ 
ssz'jAC  (193),  conaidenbig  Jfrnas  a  circle, '£rom  which  It  will  differ  but  iw;^  Jittle. 
Now  suppose  twilight  to  begin  wJien  the  sun  h  1/8^  below  tfaie  hon9on^  .4liat» 
being  about  the  quantity  found  by  computing  the  tsoa' s .  depr6s(ik«n>frppi  4b^ 
obsenred {time <at;  which  ithe .i:wilight  begins;  it^vtaiies  hoWf Verdp -difibn^sllt  seft^ 
lions;  hence,  t!he' angle ';iKs:rl 62^;  bat  \lbe  j^l&SBfcenot  ioetweie^ 
the  angle^ifititjl  dsitfae  irefractidn  through  mByor  ftd';  therefore  ^e^angle  AtiBssz 
162''.  33',  and  ^i<;=81'*.  16f ,  consequently  -4Cb=i8^  ASf,  and  hence  nCO 
=  171°.  16J';  also.  On  :  Oc\:7  :  6j  hence,  Ow  =  7  :  Oc=:6::sin.  nCiO=171^ 
16J' :  sin.  CnOz^T".  28^',  therefore  nOC=l\  15^';  hence,  sin.  nCO  :  sin. 
nOC::0n=:7  :  Oi=l,01,  from  which  take  Gr=:l,  and  we  have  na:=0,01= 
39,64  miles.  But  (189)  the  ray  begins  to  be  refracted  at  the  altitude  of 
77,25  miles;  hence  the  reflection  takes  place  at  about  half  the  altitude  at 
which  the  refraction  begins.  This  is  upon  supposition  that  the  rays  come 
to  the  spectator  after  one  reflection.  If  we  suppose  them  to  come  after  2,  3 
or  4  reflections,  the  altitudes  no:  will  be  about  12,  5,4  and  3  miles  respec- 
tively, and  the  densities  of  the  air  10,75,  2,9  and  1,8  less  than  at  the  earth's 
surface.  Which  of  these  is  most  probable,  may  admit  of  some  doubt.  That 
air  at  the  altitude  of  39,64  miles,  where  it  is  2700  less  dense  than  at  the 
earth's  surface,  should  have  the  power  of  reflecting  rays  so  copiously,  is  almost 
incredible.  And  why  should  that  particular  density  reflect,  when  it  is  not  the 
boundary  of  the  atmosphere,  it  having  been  shown  that  light  is  refracted  at 
twice  that  altitude  ?  It  appears  more  probable  that  the  reflection  arises  from  the 
vapours  and  exhalations  of  various  kinds  with  which  the  lower  parts  of  the 
atmosphere  are  charged ;  for  the  twilight  lasts  till  the  sun  is  ftirther  below  the 
horizon  in  the  evening,  than  it  is  in  the  morning  when  it  begins;  and  it  is 
longer  in  summer  than  in  winter.  Now  in  the^rwer  case,  the  heat  of  the  day 
has  raised  the  vapours  and  exhalations;  and  in  the  latter ^  they  will  be  more  ele- 
vated from  the  heat  of  the  season;  therefore,  upon  supposition  that  the  reflec- 
tion is  made  by  them,  the  twilight  ought  to  be  longer  in  the  evening  than  in  the 
morning,  and  longer  in  summer  than  in  winter. 

207.  Another  effect  of  refraction  is  that  of  giving  the  sun  and  moon  an  oval 
appearance,  by  the  refraction  of  the  lower  limb  being  greater  than  that  of  the 
upper,  whereby  the  vertical  diameter  is  diminished.  For  suppose  the  diameter 
of  the  sun  to  be  32',  and  the  lower  limb  to  touch  the  horizon,  then  the  mean 
refraction  at  that  limb  is  33',  but  the  altitude  of  the  upper  limb  being  then  32', 
its  refraction  is  only  28'.  6",  the  difference  of  which  is  4'.  54",  the  quantity  by 
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which  the  vertical  diameter  appears  shorter  than  that  parallel  to  the  horizoii. 
When  the  body  is  not  very  near  the  horizon,  the  refraction  diminishing  nearly 
uniformly,  the  figure  of  the  body  is  very  nearly  that  of  an  ellipse.  Now  it  is 
proved  in  that  article  where  the  diminution  of  weight  of  a  body  upon  the  sur- 
&ce  of  a  spheroid  is  investigated,  that  the  diameter  (Z))  of  an  ellipse,  which  is 
nearly  a  circle,  is  diminished,  in  going  from  the  major  to  the  minor  axis,  as  the 
square  of  the  sine  (s)  of  the  angle  which  it  makes  with  the  major  axis;  hence^ 
if  €f -sthe  diminution  of  the  vertical  diameter,  rad.  *  :  s^::d  :  the  diminution  of 
the  diameter  D.  Thus  we  may  find  the  diameter  in  any  position;  and  in 
cases  where  extreme  accuracy  is  required,  such  as  measuring  with  a  micrometer 
the  distance  of  Venus  or  Mercury  on  the  sun's  disc  from  its  limb,  this  circum* 
stance  may  be  considered. 


CHAP.  VIII. 

ON  THE  SYSTEM  OF  THE  WORLD. 

Art  208.  When  any  effect  or  phenomenon  is  discovered  by  experiment  or 
observation,  it  is  the  business  of  Philosophy  to  investigate  its  cause.  But  there 
are  very  few,  if  any,  enquiries  of  this  kind,  where  we  can  be  led  from  the  ef- 
fect to  the  cause  by  a  train  of  mathematical  reasoning,  so  as  to  pronounce  with 
certainty  upon  the  cause.  Sir  I.  Newton  therefore,  in  his  Peincipia,  before 
he  treats  on  the  System  of  the  World,  has  laid  down  the  following  Rules  to  di- 
rect us  in  our  researches  into  the  constitution  of  the  universe. 

Rule  I.  No  more  causes  are  to  be  admitted  than  what  are  sufficient  to  ex- 
plain the  phaenomenon. 

Rule  II.  Of  effects  of  the  same  kind,  the  same  causes  are  to  be  assigned, 
as  &T  as  it  can  be  done. 

Rule  III.  Those  qualities  which  are  found  in  all  bodies  upon  which  experi- 
ments can  be  made,  and  which  can  neither  be  increased  nor  diminished,  may 
be  looked  upon  as  belonging  to  all  bodies. 

Rule  IV.  In  Experimental  Philosophy,  propositions  collected  from  phaeno- 
mena  by  induction,  are  to  be  admitted  as  accurately  or  nearly  true,  until  some 
reason  appears  to  the  contrary. 

The  principles,  upon  which  the  application  of  these  Rules  is  admitted,  are, 
the  supposition  that  the  operations  of  nature  are  performed  in  the  most  simple 
manner,  and  regulated  by  general  laws.  And  although  their  application  may, 
in  many  cases,  be  very  unsatis&ctory,  yet  in  the  instances  to  which  we  shall 
here  want  to  apply  them,  their  force  is  little  inferior  to  that  of  direct  demonstra- 
tion, and  the  mind  rests  equally  satisfied  as  if  the  matter  could  be  strictly  proved. 

209.  The  diurnal  motion  of  all  the  heavenly  bodies  may  be  accounted  for, 
either  by  supposing  the  earth  to  be  at  rest,  and  all  the  bodies  daily  to  perform 
their  revolutions  in  circles  parallel  to  each  other ;  or  by  supposing  the  earth  to 
revolve  about  one  of  its  diameters  as  an  axis,  and  the  bodies  themselves  to  be 
fixed,  in  which  case  their  apparent  diurnal  motions  would  be  the  same.  If  we 
suppose  the  earth  to  be  at  rest,  all  the  fixed  stars  must  make  a  complete  revolu- 
tion, in  parallel  circles,  every  day.  But  it  will  be  shown  in  a  future  part  of  this 
Work,  that  the  nearest  of  the  fixed  stars  cannot  be  less  than  400000  times  fur- 
ther from  us  than  the  sun  is,  and  that  the  sun's  distance  from  the  earth  is  not 
less  than  93  millions  of  miles.     Also  from  the  discoveries  which  are  every  day 
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making  by  the  improvement  of  telescopes,  it  appears  that  the  heavens  are  filled 
with  an  almost  infinite  number  of  stars,  to  which  the  number  visible  to  the  na- 
ked eye  bears  no  proportion,  and  whose  distances  are,  probably,  incomparably 
greater  than  what  we  have  stated  above.  But  that  an  almost  infinite  number 
of  bodies,  most  of  them  invisible  except  by  the  best  telescopes,  at  almost  infi- 
nite distances  from  us  and  from  each  other,  should  have  their  motions  so  exactly 
adjusted,  as  to  revolve  in  the  same  time,  and  in  parallel  circles,  and  all  this 
without  :their  'having  any  central  body,  which  is  a  physical  impoasibility,  is  an 
hypothesis,  which,  by  the  Rules  we  have  here  laid  down,  is  not  to  be  admitted^ 
^en  we  consider,  that  all  the  phaanomena  may  be  solved  simply  by  tiierrotation 
of  the  earth  about  one  of  its  diameters.  If  therefore  we  had  no  other  xeasoix, 
we  ought  rest  ^satisfied  that  the  apparent  diurnal  motions  of  the  heavenly  bodijes 
are  produced  by  the  earth'^  rotation.  OBut  we  have  other  reasons  for  .this  sup- 
position. Experiments  prove  that  all  the  parts  of  the  earth  have  a  gravitation 
towards  each  other.  &ich  a  body  tlxerefore,  the  greatest  part  .of  whose  surface 
is  a  fluid,  must,  from  the  equal  gravitation  of  its  parts,  form  itself  into  a  perfect 
sphere.  But  it  appears  from  jnensuration^  that  the  earth  is  not  a;perfect  sphere, 
but  a  spheroid,  having  the  equatorial  longer  than  its  polar  diameter.  Now  if 
we  suppose  ihe  earth  to  revolve,  the  parts  most  distant  from  the  axis  must,  from 
tiieir  greater  velocity^  have  a  greater  tendency  torfly  off,  and  therefore  that  dia^ 
meter  which  is  perpendicular  to  the  axis  ^must  be  increased.  Hiat  this  must  be 
the  consequence  appears  friom  taking  an  iron  hoop  and  .making  it  revolve  swiftly 
abcmtoneof  its^diametera^  and  that  diameter  will  be  diminished  and  the  diame- 
ter perpendicular  to  it  increased.  The  figure  of  the  earth  must  tlier^fore  have 
arisen  from  its  rotation,  which  is  fiirther  confirmed  from  the  fbllo\ving  conside- 
ration. There  can  be  but  one  diameter  about  which  the  earth  can  revolve, 
w%Ddh  can  solve  all  the  phenomena  of  rthe  apparent  revolution  of  the  heavenly 
bodies ;  for  if  the  diameter  about  which  the  ^arth  is  siipposed  to  revolve  were 
dhanged,  it  would  change  the  situation  of  all  the  bodies  in  respect  to  the  hora^ 
asofi  and  zenith ;  now  that  diameter  about  which  the  earth  must  revolve,  in  order 
ti9  satisfy  all  the  pheenomena,  is  the  diameter  which,  from  mensuration,  is  found 
to  be  the  'shortest.  Another  reason  ifor  the  earth's  rotation  is  from  analqgy. 
The  planets  are  opaque  and  spherical  bodies  like  to  our  earth ;  now  all  the 
]^iiets,  (in  which  sufficient  observations  have  been  made  .to  'determine  the  m^ 
ter,  are  found  to  revolve  about  an  axis,  and  the  equatorial  diameters  of  son>e-4^ 
them  are  visibly  greater  than  their  polar.  When  these  reasons,  all  upon  dif- 
ferent principles,  are  considered,  Ihey  amount  to  a  proof  of  the  earth's  rotaticoi 
about  its  axis,  wfaidh  is  as  satisfiictory  to  the  mind  as  the  most  direct  demonstca» 
tion  could  be.  These  however  are  notidl  therproofs  which  might  be  offered  ^ 
the  situations  and  motions  of  the  bodies  in  our  .system  necessarily  require  ithfe 
motion  of  the  earih. 
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&IO4  Besides  this  apparent  diurnal  motion,  the  sun^  moon^  and  planets  have 
another  motion  ;  foi"  they  are  observed  to  make  a  complete  revolution  amongst 
the  fixed  stars,  in  different  periods.     But  whilst  they  are  performing  these  mo- 
tions in  respect  to  the  fixed  stars,  they  do  not  always  appear  to- move  in  the 
same  direction,  or  in  tliat  direction  in  which  their  complete  revolutions  are 
made,  but  sometimes  appear  stationary,  and  sometimes  to  move  in  a  contrary 
direction.     We  will  here  briefly  describe  and  consi(|er  the  different  systems 
which  have  been,  invx^nted,  in  order  to  solve  these  appearances.     Ptolbmy 
supposed  the  earth,  to  be  perfectly  at  rest,  and  all  the  other  bodies,  that  is,^the 
sun,  moon,  planets,  comets  and  fixed  stars,  to  revolve  about  it  every  day;  biit 
liiat,  besides  this  diurnal  motion,  the  sun,  moon,  planets^  and  comets  had  a 
motion  in  reject  to  the  fixed  stars,  and  were  situated,  in  respect  to  the  earthy 
in. the  following  order;  the  Moon,.  Mercury,  Venus,  the  Sun,  Mars,  Jupiter; 
Saturn.     These  revolutions  he  first  supposed  to  be  made  in  circles  about  the 
earth  placed  a  little  out  of  the  center,  in  order  to  account  for  some  irregularities 
of  their  motions ;  but  as  their  retrograde  motions  and:  stationary  a{]^arances 
could'  not  thus  be  solved,  he  supposed  them  to  revolve  in  epicycloidis^  in  'the 
fidlowing  manner.     Let  ABC  be  a  circle,  S  the  center,  E  the  earthy  abed  axio^      fig. 
ther  circle  whose  center  v  is  in  the  circumference  of  the  circle  ABC.    Conceive      40. 
the  circumference  of  the  circle  ABC  to  be  carried  round  the  earth  every  24 
hours  according  to  the  order  of  the  letters,  and  at  the  same  time  let  the  center 
i;  of  the  circle  abed  have  a  slow  motion  in  the  opposite  direction,  and  let  a  body 
revolve  in  this  circle  in  the  direction  abed;  then  it  is  manifest,  that  by  the  mo- 
tion of  the  body  in  this  circle  and  the  motion  of  the  circle  itself,  the  body  may 
describe  such  a  curve  as  is  represented  by  klmnop  ;  and  if  we  draw  the  tangents 
£/,  Enij  the  body  would  appear  stationary  at  the  points  /  and  m,  and  its  mo- 
tion would  be  retrograde  through  Irrfj  and  then  direet  again.     Now  to  make 
Venus  and  Mercury  always  accompany  the  Sun,  tlie  center  v  of  the  circle  abed 
was  supposed  to  be  always  very  nearly  in  a  right  line  between  the  earth  and  sun, 
but  more  nearly  so  for  Venus  than  for  Mercury,  in  order  to  give  each  ita  proper 
elongation.     This  system,  although  it  will  account  for  all  the  apparent  motions 
of  the  bodies,  yet  it  will  not  solve  the  phases  of  Venus  and  Mercury ;  for  in 
this  case,  in  both  conjunctions  with  the  sun  they  ought  to  appear  dark  bodies, 
and  to  lose  their  light  both  ways  from  their  greatest  elongations ;  whereas  it  ap- 
pears from  observation,  that  in  one  of  their  conjunctions  they  shine  with  a  fiill 
face.     This  system  therefore  cannot  be  true. 

211.  The  system  received  by  the  Egyptians  was  this:  The  Earth  is  immove- 
able in  the  center,  about  which  revolve,  in  order,  the  Moon,  Sun,  Mars,  Ju- 
piter and  Saturn;  and  about  the  Sun  revolve  Mercury  and  Venus.  This  dispo- 
sition vnll  account  for  the  phases  of  Mercury  and  Venus,  but  not  for  the  ap- 
parent motions  of  Mars,  Jupiter  and  Saturn. 
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2^2.  Thfi  ii^xt^sysl^  Ifjfi^X  ^A  5^^^!  mention,  though  posterior  in  time  to 
Ihe  true,  or  Copernican  ISjf^P^^  as,  it  is  usually  ca.11^,  is  that  of  Ttcho  Brakes 
a  Polish  Nobleman.  He  wjts  |>]e%se<]l  with  the  Copefni^an  system,  as  solving  all 
the  appearances  in  the  most , simple  manner;  ,but  conceiving,  from  taking  the 
literal  meaning  of  some  passages  in  Scripture,  that  it  was  necessary  to  suppose 
the  earth  to  b^  absolutely  at  rest,  he  altered  the  system,  but  kept  as  near  to  it 
as  possible.  And  he  fur^er  objected  to  the  earth's  motion,  because  it  did  not, 
as  he  conceived,  affect  the  motion  of  comets  observed  in  opposition,  as  it  ought; 
whereas,  if  he  had  made  observations  on  some  of  them,  he  would  have  found 
that  their  motions  C9uld  not  otherwise  have  been  accounted  for.  In  his  system, 
the  earth  is  placed  immoveable  in  the  center  of  the  orbits  of  the  sun  and  moon, 
without  any  rotation  about  an  axis ;  but  he  made  the  sun  the  center  of  the  or- 
bits of  the  other  planets,  which  therefore  revolved  with  the  sun  about  the  earth. 
By  this  system,  the  difierent  motions  and  phases  of  the  planets  may  be  solved, 
the  latter  of  which  could  not  be,  by  the  Ptolemaic  system ;  and  he  was  not 
obliged  to  retain  the  epicycloids  in  order  to  account  for  their  retrograde  motions 
and  stationary  appearances.  One  obvious  objection  to  this  system  is,  the  want 
of  that  simplicity  by  which  all  the  apparent  motions  may  be  solved,  and  the 
necessity  that  all  the  heavenly  bodies  should  revolve  about  the  earth  everyday; 
also,  it  is  physically  impossible  that  a  large  body,  as  the  sun,  should  revolve 
about  a  much  smaller  body,  as  the  earth,  at  rest;  if  one  body  be  much  larger 
than  another,  the  center  about  which  they  revolve  must  be  very  near  to  die 
large  body ;  this  will  be  proved  when  we  come  to  the  principles  of  physical 
Astronomy.  And  this  argument  holds  also  against  the  Ptolemaic  system.  It 
appears  also  from  observation,  that  tlie  plane  in  which  the  sun  must,  upon 
this  supposition,  diurnally  move,  passes  through  the  earth  only  twice  in  a  year. 
It  cannot  therefore  be  any  force  in  the  earth  which  can  retain  the  sun  in  its 
orbit,  for  it  would  move  in  a  spiral  continually  changing  its  plane.  In  short, 
the  complex  manner  in  which  all  the  motions  are  accounted  for,  and  the  phy.> 
sical  impossibility  of  such  motions  being  performed,  is  a  sufBcicnt  reason  for 
rejecting  this  system ;  especially  when  we  consider,  in  how  simple  a  manner 
all  these  motions  may  be  accounted  for,  and  demonstrated  from  the  common 
principles  of  motion.  Some  of  Tycho's  followers  seeing  the  absurdity  of  sup- 
posing all  the  heavenly  bodies  daily  to  revolve  about  the  earth,  gave  a  rotatory 
motion  to  the  earth,  in  order  to  account  for  their  diurnal  motion  ;  and  this  was 
called  the  Sem-Tychonic  System  ;  but  the  objections  to  tliis  system  are,  other-i 
wise,  just  the  same. 

813.  The  system  which  is  now  universally  received  is  called  the  Copemkan^ 
It  was  formerly  taught  by  Pythagoras,  who  lived  about  500  years  before  J,  C. 
aqd  Bhilolaxis,  his  disciple,  maintained  the  same ;  but  it  was  afterwards  re-» 
i^cted  till  revived  by  Copernicus.    H^re  the  3un  is  placed  in  the  center  of  tjie 
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System,  about  which  the  other  bodies  revolve  in  the  following  order;  Mercury, 
Venus,  the  Earth,  Mars,  Jupiter,  Saturn,  and  the  Georgian  Flanet,  which  w^ 
lately  discovered  by  Dr.  Herschel;  beyond  which,  at  immense  distances,  are 
placed  the  fixed  stars;  the  moon  revolves  about  the  earth,  and  the  earth  re« 
volves  about  an  axis.  This  disposition,  and  these  motions  of  the  bodies,  solve, 
in  the  most  simple  manner,  not  only  all  the  phases,  and  the  direct  and  retrograde 
motions,  but  also  eveiy  other  irregularity  belonging  to  them,  and  which  motions 
may  also  be  accounted  for  upon  physical  principles.  We  may  also  further  ob- 
serve, that  the  supposition  of  the  earth's  motion  is  necessaiy,  in  order  to  account 
for  a  small  apparent  motion  which  every  fixed  star  is  fi^und  to  have,  and  which 
cannot  otherwise  be  accounted  for.  The  harmony  of  the  whole  will  be  as 
satisfactory  a  proof  of  the  truth  of  this  System,  as  the  most  direct  demonstnu^ 
iion  could  be;  this  System  therefore  we  shall  assume. 


VOL.  I.  •*  o 


CHAP.  IX. 

ON  KEPLER'S  DISCOVERIES. 

Art.  214.  ikEPLER  was  the  first  who  discovered  the  figures  of  the  orbits 
of  the  planets  to  be  ellipses,  having  the  sun  in  one  of  the  foci.     Ptolemy  sup* 
posed  that  the  orbits  of  the  planets  were  circles,  having  the  earth,  not  in  the 
KiG.     center  C,  but  at  some  other  point  S ;  and  taking  CBzzCSj  he  supposed  that 
41.      they  revolved  with  an  uniform  angular  velocity  about  -B,  called  the  Punctum 
(equantis.     This  was  his  supposition  to  account  for  the  equation  of  tlie  planet's 
orbit,  or  the  first  inequality  of  its  motion ;  but  it  was  supported  neither  by 
observation  nor  demonstration.     Tycho  altered  this  hypothesis,  by  placing  B 
at  a  different  distance  from  C,  by  which  he  found  his  computations  would 
agree  with  his  observations  within  a  few  minutes.     Notwithstanding  which^ 
Kepler  suspected  the  hypothesis  could  not  be  true;  for^  from  the  goodness  of 
Tycho's  observations,  he  believed  that  there  could  not  have  been  so  great  a 
diflerence  between  the  computations  and  observations,  if  it  were  true.     But  in 
respect  to  the  orbit  of  the  sun,  or  rather  of  the  eartli,  the  ancients,  and  also 
Tycho,  believed  the  motion  was  equable  about  the  center  C.     From  the  equa- 
tion of  the  orbit,  Tycho  computed  the  excentricity  SB^  which  taken  from  AS 
gave  a  quantity  BA  different  from  the  radius  AC  at  first  supposed;  whence  he 
concluded  that  the  sun  was  not  always  at  the  same  distance  from  C     This  in* 
duced  Kepler*  to  suspect  that  the  center  was  not  the  point  about  which  the 
motion  was  equal,  but  that  it  bisected  the  excentricity.     To  determine  this 
point  he  proceeded  thus. 
^iG.         215.  Let  B  be  the  point  about  which  the  motion  is  equable,  S  the  sun,  take 
41^.       BC  =  SCy  and  let  D  and  E  be  the  places  of  the  earth  when  the  planet  Mars 
is  at  the  same  point  M  of  its  orbit.     On  May  18,  1585,  and  January  22,  1591, 
he  took  the  two  places  of  Mars,  found  fronl  observation,  and  by  calculation 
reduced  its  places  to  May  SO,  and  January  20,  in  tlie  same  respective  years, 
at  which  times  the  longitude  of  Mars  seen  firom  JB,  as  calculated  by  Tycho, 
was  6*.  13^.  28',  and  therefore  he  knew  that  Mars  was  in  the  same  point  of  its 
orbit ;  and  the  angles  MBDj  MBE  were,  each  64°.  23 J'.     Now  tlie  longi- 
tudes of  Mars  on  May  30,  and  January  20,  were,  by  observation,  5*.  6^,  37' 
and  7*.  21^  34',  the  differences  between  which  and  6*.  13°.  28',  the  hehocen- 
trie  longitude  before  calculated,  are  36°.  51'  and  38°.  6'  for  the  angles  BMDj 
BME;  consequently  BD  is  less  than  BEj  and  therefore  B  is  not  the  center  of 
the  circle.     Kepler  next  calculated  the  value  of  BCj  and  found  it  to  be 
1837,  -4C  being  100000.     Now  Tycho  had  found  from  his  observations,  that 
the  whole  distance  BS  from  the  sun  to  the  center  of  equality  was  3584,  there- 
fore its  half  was  1792,  which  being  so  nearly  equal  to  1837,  Kepler  immedi- 
ately concluded  that  C  bisected  the  excentricity. 

*  See  his  Work,  De  motibus  Siella  Martis. 
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S16.'  Having  fofund  that  the  center  of  the  earth's  orbit  bisected  the  exceil-i 
tricity,  he  proceeded  to  examine  the  same  in  the  orbit  of  Mars,  in  the  following 
manner.  Let  S  be  the  sun,  C  the  center  of  the  cirde^  B  the  point  tibout  which  no. 
the  motion  is  equable;  and  let  Dj  E^  jP,  6r  be  4  places  of  Mars  observed  in  43. 
opposition;  he  then  proposed  the  following  Problem.  To  find  the  angles 
FBAj  FSA  such,  that  the  four  points  2),  JB,  -F,  G  maybe  in  the  circumference 
of  the  circle,  and  C  in  the  center  between  B  and  S.  He  resolved  this  by  as* 
luming  the  distance  SB  and  the  angles  FBAj  FSA^  and  thence  calculated 
all  the  other  parts,  to  find  whetlier  all  the  angles  formed  about  S  were  tc^e^tier 
equal  to  four  right  ones.  He  made  70  suppositions  before  he  got  one  to  agree 
with  observation,  the  calculation  of  every  one  of  which  was  extremely  long  and 
tedious :  Si  te  htfftis  laboriosw  meihodi  pertaswn  Jnerit^  jure  met  te  misereat^ 
pu  earn  ad  minimum  9eptuagies  rvi  cufn  phtrima  temporisjactura^  et  mirari  deiines 
Jmnc  quintwnjam  arnnrni  alAre^  ex  quo  Mortem  aggressus  sum^  quamvis  annus  1 60^ 
pene  totus  opticis  inquisitionibusfnii  traductus;  pag.  95.  Having  thus  determined 
the  excentricity  of  the  orbit  of  Mars,  he  calculated  12  oppositions  observed  by 
Tycho,  none  of  which  differed  more  than  1'.  47";  but  he  found  that  the  hy- 
pothesis agreed  neither  with  the  latitude  observed  in  opposition,  nor  with  the 
longitude  out  of  opposition,  which  differed  sometimes  8'  from  observation. 
The  circle  which  so  well  represented  the  1 2  oppositions  had  its  excentricity 
iSfJ3r^  18564,  but  he  found  5Cs  11832  and  C^  :=  7232,  the  mean  distance  of 
the  earth  from  the  sun  being  100000.  From  the  want  of  agreement  between 
the  observed  and  computed  latitudes  in  opposition,  and  the  longitudes  out  of 
opposition,  and  from  SB  not  being  bisected  in  C,  Kepler  was  persuaded  that 
the  orbit  of  Mars  was  not  a  circle.  He  therefore  computed,  in  the  following 
manner,  three  distances  of  Mars  from  the  sun,  with  the  corresponding  helio- 
centric longitudes,  by  which  he  could  determine  both  the  figure  and  magni- 
tude of  its  orbit. 

217.  Let  *S'  be  the  sun,  M  Mars,  Z),  JE,  two  places  of  the  earth  when  Mars  fig. 
was  in  the  same  point  M  of  its  orbit.  When  the  earth  was  at  2),  he  observed  44. 
the  difference  between  the  longitudes  of  the  sun  and  Mars,  or  the  angle  MDS; 
in  like  manner  he  observed  the  angle  MES.  Now  the  places  2),  E  of  the 
earth  in  its  orbit  being  known,  the  distances  Z)6',  ES  and  the  angle  DSE  will 
be  known ;  hence,  in  the  triangle  DSE^  we  know  DSj  SE^  and  the  angle  DSE^ 
to  find  DE  and  the  angles  SDE^  SED ;  hence  we  know  the  angles  MDE^ 
MED  ;  therefore  in  the  triangle  MDE^  we  know  DjB,  and  the  angles  MDEj 
MED  J  to  find  MD  ;  and  lastly,  in  the  triangle  MDS^  we  know  ilf Z),  Z)5,  and 
the  angle  MDS^  to  find  MSj  the  distance  of  Mars  from  the  sun.  He  also 
found  the  angle  MSD^  the  difference  of  the  heliocentric  longitudes  of  Mars  and 
the  earth.  By  this  method,  Kepler,  from  observations  made  on  Mars  when 
in  aphelion  and  perihelion  (for  he  had  determined  the  position  of  the  line  of 
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tbe  apsides,  1^  n  method  which  we  shall  afterwards  explaio,  indefMident  of 
the  form  of  the  orbit),  determined  the  former  distance  from  the  sun  to  be 
166780,  and  the  latter  138500^  the  mean  distance  of  the  earth  from  the  stm 
being  100000 ;  hence,  the  mean  distance  of  Mars  was  152640  and  the  ^excen-^ 
tricity  of  its  orbit  14140.  He  then  determined,  in  like  manner,  three  other 
distances,  and  found  tliem  to  be  147750,  16S100,  166255.  He  next  calcu* 
lated  the  same  three  distances,  upon  supposition  that  the  orbit  was  a  circle, 
and  found  them  to  be  1485S9,  163888,  166605;  the  errors  therefore  of  the 
circular  hypothesis  were  789,  783,  350.  But  he  had^too  good  an  opinion  ai^ 
Ttcho's  observations  to  suppose  that  tliese  difierences  might  arise  from  tbeic 
inaccuracy ;  and  as  the  distance  between  the  aphelion  and  perihelion  was- tea 
great,  upon  suf^sition  that  the  orbit  was  a  circle,  he  knew  that  the  form  of  the 
orbit  must  be  an  oval ;  Itaque  plane  hoc  est :  Orbita  planetie  non  est  circulus^  sed 
ingrediens  ad  latera  utraque  paulatmj  Uerumque  ad  circub  ampUtudinem  inperigofo 
ejfiens^  ctgusmodi  Jiguram  itineris  avakm  appelUtantj  fng.  218i  And  as  of  all 
ovals,  the  ellipse  appeared  to  be  the  most  simple,  he  first  supposed  the  orlnt  to 
be  an  ellipse,  and  placed  the  sun  in  one  of  the  foci ;  and  upon  calculating  the 
above  observed  distances,  he  found  they  agreed  together.  *  *  He  did  the  same 
for  other  points  of  the  orbit,  and  found  that  they  all  agreed ;  and  thus  he  ^pro* 
nounced  the  orbit  of  Mars  to  be  an  ellipse,  having  the  sun  in  one  of  its  foci« 
Having  determined  this  for  the  orbit  of  Mars,  he  conjectured  the  same  to  be 
true  for  all  the  other  planets,  and  upon  trial  he  found  it  to  be  so.  Hence  he 
concluded,  Tftat  the  sis  primary  Planets  revolve  about  the  Sun  in  ellipses^  having 
the  Sun  in  one  qf  ike  foci.  ) ; . 
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according  to  M*  de  la  FLAittk      -  i*'*    >  :    dv'  m>(i   '  **(        ,'^r-    •i^rt  r  .,  t    ^  «j 

The  logarithms  are  here  putdewn  upon  tupptsilMn  that  the  iineao^  distanoft: 
ofjthe^earth  fi>om  the  sun  is  unity,  thisibetngi  the  ease  inr  all  Astmnoiwcftl ^ 
TaUc8»t   The  tmean  distances  are  nearly  as  4^  T,  U9,  15^ >539  95,1 93ir  *  /  • 

218,'  Having  thus  discovered  the  relative  mean  distances  of  the  planetfr  from 
the  Sim,  and  knowing  their  periodic  times^  he  next  endeavoured  to'findif  Ihere, 
wasf  any  r|>elation«bc^een  them,  having  rkad  a;8trong  passion  £»r>  finding  analo- 
gies in  inahirew  i  Hit , saw  that  ^thei  moce  distant  a  planet  was  from  tiie  sun  the 
slowei;  ftsa)Oved,jffd;that  ouiii^oiiUe  account  the  periodic  times  of  the  more 
distant  ipkmets ? would  bemcir^ated.-  *  Saturn^ >ibrexunple,  is  9^  times. further 
&om  the  sun  /than  the  earth  i^,  and  the  circle  described  by  Saturn  is  so  much 
greater  in  pri^[>ortion$  andv^^aadiaveaethsTevolves  in  l  year,  if  thdr  velocities 
wiere  equals  the  periodic /tipiescifvSa^um.'iM)uld  be  9|^ years;  whereas  its  periodic 
timeis  near  :90  years.  Tbeperiodic  ^mes  therefore  of  the  planets  increase  in  a 
greater  ratio  than  their  distances,  but  in  a  less  ratio  than  the -squares  of 'their  dia- 
taaces ;  for  npoitf  that  «uppositieo  liie  periodic  time  of  Saturn  would  be  about 
90^;yeirs4  t.Qu  tMarch  8^  1618,  he  began  to  compare  the  powers  of  these 
quantiti^^  and  at  that  time  he  took  the  squares  of  the  periodic  times  and  comf^ 
pared  them  with  the  cubes  of  the  mean  distances,  but,  fronti^  some  erDor^invlittt 
calculatibn,  they  didnot  agree.  But  on  May  15,  having  made  the  last  cmmpurf 
tations  again,  he  discovered  his  errcn*,  and  found  an  exact  vagAnoMienfc  Uetween 
them^  Thus  he  discovered  the  famous  Law,  That  the  ssquarei^^  tike ^^Middic 
times  of  all  the  planets  are  as  the  cubes  of  their  mean  distances  from  the  $u$u  Sir 
L  Newton  afterwards  proved  that,  this  is  a  necessary  ccmsequence  of  the 
motion  of  a  body  in  an  ellipse  about  the  focus.  Prm.  PhiL  Lib.  I.  SfQ.  2. 
JV.  15.  ' 

219.  EIepleb  also  discovered  from  observation,  that  the  velocities  of  the 
planets,  when  in  their  apsides,  are  inversely  as  their  distances 'irom'thQ  sun  ; 
whence  it  followed,  that  they  describe,  in  these  points,  equal  areais  about 
the  sun  in  equal  times.  And  altliough  he  could  not  prove,  from  observation, 
that  the  same  was  true  in  every  point  of  the  orbit,  yet  he  had  InS)  doubt  but 
that  it  was  so.  He  therefore  applied  this  princifde  to  find  tiie  equation  of  the 
orbit  (as  will  be  explained  in  the  next  Chapter),  and  finding  that  -his  calcula'- 
tions  agreed  with  observations,  he  concluded  it  was  true  in  general^  That  the 
planets  describe  about  the  sun  equal  areas  in  equal  times.  ThisTtiscover^  was, 
perhaps,  the  foundation  of  the  Principia,  as  it  probably  might  suggest;  to  Sir 
I.  Newton  the  idea,  that  the  proposition  was  true  in  general,  which  hei  after- 
wards proved  it  to  be.  These  important  discoveries  are  the  foundatiori  of  all 
Astronomy.  :     '  • 
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102  ox  Kepler's  disgovebIes. 

320.  He  also  speaks  of  Grmnty  as  a  power  which  is  mutual  between  all 
bodies ;  and  tells  us,  that  the  earth  and  moon  would  move  towards  each  other^ 
and  meet  at  a  point  as  much  nearer  to  the  earth  than  the  moon,  as  the  earth  is 
greater  than  the  moon,  if  their  motions  did  not  hinder  it.  He  further  adds^ 
that  the  tides  arise  from  the  gravity  of  the  waters  towards  the  moon,  lliat  the 
reader  may  have  a  better  conception  of  his  ideas  on  this  subject,  we  shall  here 
give  his  own  words. 

Vera  doctrina  de  gravitate  his  innititur  axiomatibus. 
.    Omnis  substantia  corporea,  quatenus  corporea,  apta  nata  est  quiescere  omai 
loco,  in  quo  solitaria  ponitur,  extra  orbem  virtutis  cognati  corporis. 

Gravitas  est  aflfectio  corporea,  mutua  inter  cognata  corpora  ad  unitionem 
seu  conjunctionem  (quo  renim  ordine  est  et  &cultas  magnetica)  ut  multo  roagia 
terra  trahat  lapidem,  qu^m  lapis  petit  terram. 

GraVia  (si  maxima  teiram  in  centro  mitndi  cdlocemus)  non  feruntur  ad  cen- 
trum mundi,  ut  ad  centrum  mundi,  sed  ut  ad  centrum  rotundi  cognati  corpo-^ 
lis,  teliufis  scilicet.  Itaque  iribiciuique  coUocetur  seu  quocunque  tiansportetur 
tdlus  &cultate  suft  animate^  semper  ad  tUam  feruntur  gravia. 

Si  ta:ta  non  esset  rotunda^  graVia  non  nndiquaque  ferrentur  recta  ad  medium 
terrse  punctum,  sed  fenrentur  ad  puncta  diversa  k  lateribus  diversis. 

Si  duo  lapides  in  aliquo  loco  mundi  coUocarentur  ^Dpinqui  invicem,  extn 
orbem  virtutis  tertii  cognati  coqxiris;  illi  li^des  ad  aimilitudinem  duonun. 
nu^neticoruffl  corporum  coirent  loco  intermedio,  quilibet  accedens  ad  altemm 
taato  intervaUo,  quanta  est  alterius  moles  in  comparatione. 

S&  luna  et  terra  non  retinerentur  vi  animali,  aut  ali&  aliqui  aequipoUenti,  ^pii^ 
lihet  in  suo  circuitu ;  terra  ascenderet  ad  lunam  quinquagesima  quarts  parte  in* 
tervalli,  luxia  deseenderet  ad  terram  quinquaginta  tribus  circiter  partibus  inter- 
valU ;  ibiquejangerentur:  posito  tamen,  quod  substantia  utriusque  sit  unius  et 
ejusdem  densitatis. 

Si  terra  cessaret  attrahere  ad  ae  aquas  suas;  aquas  marine  omaes  elevarentur, 
et  in  corpus  lunss  influerent. 

Orbis  virtutis  tractoria^,  qu»  est  in  lunS,  porrigitur  usque  ad  terras,  et  pr» 
lectat  aquas  sub  zonam  torridam,  quippe  in  occursum  suum  quacunque  in  ver* 
ticem  loci  incidit,  insensibiliter  in  manbus  inclusis,  sensibiliter  ibi  ubi  sunt  latts^ 
idmi  alvei  oceani,  aquisque  spatiosa  reciprocationis  hbertas,  quo  &cto  nudantur 
littom  s^narum  et  climatum  lateralium,  et  si  qua  etiam  sub  torrida  sinus  effici* 
unt  reductiores  oceani  propinqui.  Itaque  aquis  in  latiori  alveo  oceani  assurgen- 
tibus,  fieri  potest,  ut  in  angustioribus  ejus  sinubus,  modo  non  nimis  arct^  conw 
l^usis,  aquas  pra&iente  lund  etiam  aufugere  ab  e&  videantur :  quippe  subsidunt^ 
foris  subtracts  copi&  aquaninu    See  the  Introduction  to  the  abovementioned  Work. 


CHAP.  X. 

ON  THE  MOTION  OF  A  BODY  IN  AN  ELUPSE  ABOUT  THE  FOCUS, 

Art.  921.  As  the  orbits  which  are  described  by  the  primary  planets  revolving 
about  the  sun  are  ellipses  having  the  sun  in  one  of  the  foci,  and  each  describes 
;iboUt  the  sun  equal  areas  in  equal  times,  we  next  proceed  to  deduce,  from  these 
principles,  such  consequences  as  will  be  found  necessary  in  our  enquiries  re- 
specting their  motions.  From  the  equal  description  of  areas  about  the  sun  in 
equal  times,  it  appears*  that  the  planets  move  with  unequal  angular  velocities 
abcmt  the  sun.  Ihe  proposition  therefore,  which  we  here  propose  to  solve,  is, 
given  the  periodic  time  of  a  planet,  the  time  of  its  motion  from  its  aphelion, 
and  the  excentricity  of  its  orbit,  to  find  its  angular  distance  from  the  aphelion, 
or  its  tme  anomaly,  and  its  distance  from  the  sun.  This  was  first  proposed  by 
KsFLER,  and  therefore  goes  by  the  name  of  Kepler's  Problem.  He  knew  no 
direct  method-  of  solving  it,  and  therefore  did  it  by  very  long  and  tedious  ten- 
tative operations. 

922.  Let  AGQB  be  the  ellipse  described  by  the  body  about  the  sun  at  S  in  fig. 
one  of  its  foci,  AQ  the  major,  GB  the  minor  axis,  A  the  aphelion,  Q  the  pe-  ^^* 
rihelion,  F  the  place  of  tiie  body,  A  VGE  a  circle,  C  its  center ;  draw  NPI 
perpendicular  to  AQ^  join  PSj  NS  and  NC^  on  which  produced  let  ML  the 
perpendicular  ST.  Let  a  body  move  uniformly  in  the  circle  from  A  to  D  with 
the  mean  angular  velocity  of  the  body  in  the  ellipse,  whilst  the  body  moves  in 
the  ellipse  from  A  to  P  ;  then  the  angle  ACD  is  the  tneanj  and  the  angle  ASP 
die  ime  anomaly;  and  the  difference  of  these  two  angles  is  called  the  Equation 
of  the  planet*  s  center  ^  or  Prosthapheresis.  Let  jE?=the  periodic  time  in  the  ellipse 
or  circle  (the  periodic  times  being  equal  by  supposition),  and  /sthe  time  of 
describing  AP  ox  AD ;  then,  as  the  bodies  in  the  ellipse  and  circle  describe 
equal  areas  in  equal  times  about  S  and  C  respectively,  we  have 

area  AI>C  :  area  of  the  circle ::t :  p^ 

area  of  the  ellipse  :  area  ASPv.p  :  /, 

* 

*  For  if  AFU  be  an  eUipee  described  by  a  planet  about  t^  sun  at  Sin  the  focus,  the  indefinitely       pjQ^ 
small  area  Ff^  described  in  a  given  time  will  be  constant ;  draw  Pr  perpendicular  to  Sp ;  and,  as  the        ^ 

area  SPp  is  constant  for  the  same  time,  Pr  varies  as  — ;  but  the  angk  pSP  varies  as  — ,  and  there- 

fore  it  varies  as.-;-^ ;  that  is,  in  the  same  orbit,  the  angular  velocity  of  a  planet  varies  inversely  as  the 

Sp 

square  of  its  distance  from  the  sun.    For  different  planets,  the  areas  described  in  the  same  time  are  not 
equal,  and  4terefore  Pr  varies  as  i!I£l^i?,  consequently  the  angle  pSP  varies  as  ^^^j^  >  that  is, 

the  angular  velocities  of  different  planets  are  as  the  areas  described  in  the  same  time  directly  and  the 
tqiwres  of  their  distances  from  tlie  sun  inversely. 
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dlso,  area  of  the  circle :  area  of  the  ellipse : :  area  ASN :  area  ASP 

.\  area  ADC :  area  ASP : :  area  ASN :  area  ASP  /  hence,  ADC  zi  ASN  ;  takte 
away  the  area -4 CjV  which  is  common  to  both,  and  the  area  DCN=sSNC; 
but  DCN  =  iDNxCN,  and  SNC^^STxCN;  therefore  ST=:DN.  Now 
if  ^be  given,  the  arc  AD  will  be  given;  for  as  the  body  in  the  circle  moves 
uniformly,  we  have  p  :  t::  360®  :  AD.  Thus  we  always  find  the  mean  anomaly 
at  any  given  time,  knowing  the  time  when  the  body  was  in  the  aphelion  f 
hence  if  we  can  find  STj  or  ND^  we  shall  know  the  angle  NCA^  called  the 
ejccentric  anomaly,  from  whence,  by  one  proportion  (223),  we  shall  be  able  Uy. 
find  the  angle  ASP  the  true  anomaly.  The  Problem  is  therefore  reduced  to 
this;  to  find  a  triangle  CS^r,  such  that  the  angle  C  +  the  degrees  of  an  arc  equal 
to  ST  may  be  equal  to  the  given  angle  ACD.  This  may  be  expeditiously  done 
by  trial  in  the  following  manner,  given  by  M.  de  la  Caille  in  his  Astronomy. 
Find  what  arc  of  the  circumference  of  the  circle  ADQE  is  equal  to  CA^  by 
saying,  .355  :  113::  l80^  :  57*.  IT*.  44",8  the  number  of  degrees  of  an  arc 
equal  in  length  to  the  radius  CA;  hence C^  :  CS::  5T.  iT.  44%8 :  the  degreea 
of  an  arc  equal  to  CS.  Assume  therefore  the  angle  SCT^  multiply  its  sine 
into  the  degrees  in  CS^  and  add  it  to  the  angle  SCT^  and  if  it  equal  the  given 
angle  ACD^  the  supposition  was  right;  if  not,  add  or  subtract  die  difference 
to  or  from  the  first  supposition,  according  as  the  result  is  less  or  greater  thaa 
ACDy  and  repeat  the  operation,  and  in  a  very  few  trilds  you  ynW  get  the 
c^ccurate  value  of  the  angle  SCT.  The  degrees  in  ST  may  be  most  readily 
obtained  by  adding  the  logarithm  of  CS  to  the  logarithm  of  the  sine  of  the 
angle  SCT  and  subtracting  10  from  the  index,  and  the  remainder  will  be  the 
logarithm  of  the  degrees  of  ST.  Having  found  the  value  of  AN^  or  the  angle 
ACN^  we  proceed  next  to  find  the  angle  ASP. 

223*  Let  i;  be  the  other  focus,  and  put  ACzz  I ;  then  by  Eucl.  B.  II.  P.  1 2. 
5P*  -  Pv'  =  vS^  +  ^vS  X  vl  ziTvSTivIxvS  =  2Cv  ^  2vl  x  2  SC=:2CI 

x2SC;     hence,   SP -^Pv:  2CI::2SC  :  SP^Pv,  or  2  :  2CI::2  SC  :  SP^ 

2-5P,   or   I  :CI ::  SC  :  5P- 1,   and  SP=  I  +  CS xCI  zz  l  ^CS  x  cos. 

I  —  cos.  ASP 

Z.  ACN.  By  my  Trigon.  Art.  94.     i^^cosTaSP  =  *^°-  ^  ^Ai-\      But   -SP, 

or    l+C5xcos.    ACN  :nd.zzl::SI^    or    CS^CI^    or    C5  +  cos.    ACN: 

CS  + COS.  ACN  „  ^ TjTTTr     IziSStA^^ 

^^^-  "^^^-l  ^CSx  COS.  ACN^      H^^^^'  *^°-   *  "^^^^  =  l^cos.A^I^= 

l-^-CS  X   COS.   ACN -- CS -- COS.   ACN    1-CS  +  cos.   ACN  x  CS  -  I 

1  -»-C5  X   COS.    ACN  +  CS  +  COS.   ACN-'i^CJS  +  cos.  ACN  x  CS  -{■  1  - 

SQ-cos.  ACNxSQ     I -- cos.  ACN      -SQ     ^      ^     ^         ^  .       .. 

SA  +  COS.  ACNir^  =  iTi^sTACN   x ^  =  (bj  the  above  theorem  in,tng> 

tan.  ^  aCN*  y^-jT^;  therefore  ^i^A  :  ^*!^(i::tan.  ^ACN  :  tan,  ^  ASP^  con* 
sequently  we  get  ASP  the  true  anomaly. 


AK 'ELLIPSE  ABOUT  THE  FOCUS* 


105 


Ex.  Required  the  true  plaee  of  Mercury  <m  Auglitt  26,'  174d,-*£tick)n,'  the 
equation  of  the  center,  and  its  distance  from  the  9un/  <  * 

By  M.  dela  Caille's  Astronomy,  Mercray  ivai  in  itrfa^helion  oA*  August 
9,  at  6fL  37.     Hence  ott  August  26,  it  hdd  pa&sed  its  aphelibn  IGd.  nh.  23'; 
therefore  87rf.   23A.  15'.  JSi"  (the  time  of  oncj  revolution)  :  16rf.  17A.  23':: 
360°  :  68**.  26'.  28"  the  arc  ADy  or  mdari  anomaly.     Now  (according  to  this 
Author)  CA  :  CS::  1011276  ;  211165  (222)::  57^  17'.  44",8  :  ll^  57'.  50"  = 
43070",  the  value  of  CS  reduced  to  the  arc  of  a  circle,  the  log.  of  which  is 
4,6341749.     Also,  68^  26'.  28''  =  246388".     Assume  the  angle  *SCrto  be  60° 
=  216000",  and  the  operation  (222)  to  find  the  angle  ACN  will  stand  thus : 
4,6341749 
9,9375306  log.  of    *•         •      216000=^ 


4,5717055 


,    37300 

253300 
246388 


4,6341749 
9,9287987 

4,5629786 


4,6841749 
9,9297694 


4,5689443 


6912=6 


209088=:a~fcs:58*.  4'.  48 '=a 


36557 


245645 
246888 


748  srf 


209881=sc  +  </=58'.  1 7'.  1 1" = tf 


36689 


246470 
246888 


4,6841749 
9,9296626 

4,5688375 


V0L.  I. 


82=/ 


209749 =c-/=  58°.  15'.  49*=5f 


36680 


246379 
246388 


9  St  hi   hence,  as   the  difierence 
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betweea  the  value  deduced  from  the  assumption  and  the  true  value  is  now  di- 
minished about  9  times  every  operation,  the  next  difference  would  be  1" ;  if 
therefore  we  add  h  to  gy  and  then  subtract  l",  we  get  58°.  15'.  57"  for  the  true 
value  of  the  angle  ACN^  the  excentric  anomaly.  Hence  (223),  find  the  true 
anomaly  ASPj  from  the  proportion  there  given,  by  logarithms  thus: 

Log.  tang.  29°.  7'.  58"^      -         -        .    9,7461246 
^  Log.  *SQ  =  800111       -         -         .        2,9515751 


12,6976997 
^  Log.  SA  =  1222441       -  -  .       3,0436141 


Log.  tang.  24°.  16'.  15"        -  -         9,6540856 


Hence,  the  true  anomaly  is  48°.  32'.  30".  Now  the  aphelion  A  was  in  S\  13°. 
54'.  30";  therefore  the  true  place  of  Mercury  was  10'.  2°.  27'.  Hence,  68°.  26'. 
28" -48°.  32'.  30'=  19°.  53'.  58"  the  equation  of  the  center.  Also,  SP- 1  +0-5 
X  COS.  z.  ACNzz  1,10983  the  distance  of  Mercury  from  the  sun,  the  radius  of 
the  circle,  or  the  mean  distance  of  the  planet,  being  unity.  Thus  we  are  able 
to  compute,  at  any  time,  the  place  of  a  planet  in  its  orbit,  and  its  distance  from 
the  sun  ;  and  this  method  of  computing  the  excentric  anomaly  appears  to  be  the 
most  simple  and  easy  of  application  of  all  others,  and  capable  of  any  degree  of 
accuracy. 

224.  As  the  bodies  at  D  and  P  departed  from  A  at  the  same  time,  and  will 
coincide  again  at  Q,  ADQ^  APQ  being  performed  in  half  the  time  of  a  revolu- 
tion ;  and  as  at  A  the  planet  moves  with  its  least  angular  velocity  (by  the  Note 
to  Art.  221.),  therefore  from  A  to  Q,  or  in  thejirst  6  signs  of  anomaly,  the  angle 
ACD  will  be  greater  than  ASP^  or  the  mean  will  be  greater  than  the  true  ano- 
maly ;  but  from  Qto  Ay  or  in  the  last  6  signs,  as  the  planet  at  Q  moves  with 
its  greatest  angular  velocity,  the  true  will  be  greater  than  the  mean  anomaly. 

225.  When  the  excentricity,  and  consequently  the  angle  NCDy  is  very  small,, 
as  in  the  orbits  of  Venus  and  the  Earth,  NDy  considered  as  very  nearly  a 
straight  line,  will  be  equal  and  parallel  to  STy  therefore  SD  is  parallel  to  CN 
and  consequently  the  angle  NCD  =  CDS.  Now  in  the  triangle  DCSy  we  know 
the  two  sides  DC,  CSy  and  the  included  angle  DCSy  the  supplement  of  DC  A  ;^ 
hence  we  can  find  the  angle  CDS  or  DCN.  If  the  angle  DCN  do  not  exceed  1^° 
the  conclusion  will  be  accurate  to  a  second;  and  if  it  be  greater,  this  method 
will  give  a  near  value  of  it,  and  consequently  we  shall  get  a  near  value  of  the 
angle  ACN  to  be^n  the  operation  with  in  the  method  already  explained,  which 
will  be  better,  perhaps,  than  guessing  at  first     In  our  Example,  the  angle 
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DSCy  or  5fCr nearly,  would,  by  this  calculation,  have  been  found  58^  13'.  i", 
whence  ST  would  first  have  been  found  10"*.  10'.  12",  and  after  two  more  ope- 
rations the  accurate  value  would  have  been  obtained.  When  the  angle  DCN 
is  not  very  small,  M.  Cassini,  in  his  Elements  of  Astronomy,  page  144,  has 
given  the  following  method  of  finding  it. 

226.  Draw  Dz  perpendicular  to  ST^  and  Tz  is  the  sine  of  the  arc  DN^  con- 
sequently Sz  is  the  difference  between  the  arc  3N  and  its  sine,  of  it  may  be 
considered  as  the  difference  between  the  arc  of  the  angle  CDS  and  its  sine ; 
compute  therefore  the  angle  CDS  (225),  and  by  the  following  Table  take  out 
the  difference  between  the  arc  and  its  sine,  and  say  SD  :  Sz::  rad.  :  sin.  SDz^ 
which  subtract  from  the  angle  SDC  and  you  have  the  angte  zDC,  or  the  alter- 
nate angle  DCN.    The  rest  of  the  operation  is  the  same  as  before. 
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A  TABLE 

Showing  tlie  Difference  between  the  Arcs  of  a  Circle  and  their  Sines, 

Radius  being  1< 


f  fit  !#:•:• 


Arc 

Dif. 

Arc 

Dif. 

Arc 

Dif. 

Arc 

Dif. 

1°.  06 

9 

4°.  06 

567 

r.  06 

3037 

10°.  06 

8848 

10 

15 

10 

641 

10 

3259 

10 

9299 

20 

23 

20 

720 

20 

3492 

20 

9755 

30 

31 

30 

807 

30 

3734 

30 

10235 

40 

42 

40 

900 

40 

3989 

40 

10730 

50 

56 

50 

1000 

50 

4255 

50 

11241 

2.  00 

71 

5.  00 

1108 

8.  00 

4532 

11  .  00 

11767 

10 

90 

10 

1222 

10 

4822 

10 

12312 

20 

113 

20 

1344 

20 

5122 

20 

12873 

30 

139 

30 

1474 

30 

5435 

30 

13450 

40 

169 

40 

1613 

40 

5761 

40 

14042 

50 

203 

50 

1759 

50 

6100 

50 

14654 

3.  00 

239 

6.  00 

1913 

9.  00 

6450 

12.  00 

15278 

10 

281 

102077 

10 

6815 

10 

15921 

20 

328 

20  2255 

20 

7194 

20 

16585 

30 

380 

SO  2432 

30 

7585 

30 

17266 

40 

437 

402625 

40 

7985 

40 

17964 

50 

499 

50  2827 

50 

8404 

50 

18680 

FI6. 

48. 
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Ex.  To  find  the  true  anomaly  of  Mercury,  the  mean  being  60°. 

Let  the  mean  distance  of  Mercury  be  100000,  and  the  excentricity  CS  will 
be  20878,  according  to  Cassini  ;  hence,  in  the  triangle  DCS,  Z)C=  100000, 
GS=20878,  and  the  angle  Z)CiS=l20**,  therefore  Z)C'=1 11905,  and  tlie  angle 
SDC=9^.  17'.  52",  corresponding  to  which  we  find,  in  the  Table,  the  value  of 
&=7120;  hence,  111905  :  71*::rad.  :  sin. z. iSZ)j^=2'.  11",  which  subtracted 
from  9°.  17'.  52"  leaves  9*".  15'.  41"  t  for  the  angle  DCN^  which  subtracted  from 
60*"  gives  50**.  44'.  19"  for  the  angle  NCA.     Hence, 

Log.  tan.  25^  22'.  9"          -          -         -         -  9,6759392 

^  Log.  iSQ=79122 2,4491486 

12,1250878 
i  Log.  iS-4=120878  ....  2,5411738 

Log.  tan.  20^  59'.  18"         -         -         -         -         9,5839140 

Therefore  the  true  anomaly  is  41®.  58'.  36".  Hence,  the  equation  of  the  cen- 
teris  18^  1'.  24". 

These  indirect  methods  of  finding  the  equation  of  the  planet's  center  are,  in 
general,  more  ready  for  practice  than  any  of  the  direct  methods. 

227.  The  metliod  ascribed  by  some  Writers  to  Setii  Ward,   Professor  of 
Astronomy  at  Oxford,  and  published  in  1654,  although,  as  M.  de  la  Lande 
observes,  it  is  given  both  by  Ward  and  Mercator  to  Bullialdus,  is  less  ac- 
curate than  these  we  have  already  given  ;  yet  as  it  may,  in  many  cases,  serve 
FIG.      as  a  useful  approximation,  it  deserves  to  be  mentioned.     He  assumed  the  an- 
47.      gular  velocity  about  the  other  focus  v  to  be  uniform  t,  and  therefore  made  it 

*  By  the  Table  7120  is  the  difference,  if  the  radius  be  lOOOOOOO,  but  as  the  radius  here  is  100000 
the  diflereiice  will  be  only  71. 

t  For  the  utmost  exactness,  we  should  take  Sz  corresponding  to  9°.  15'.  41"  instead  of  9®.  17'.  52"* 
but  the  diflerence  is  too  small  to  be  worth  notice. 

X  That  this  is  not  true  may  be  thus  shown.  With  the  center  S  and  radius  SW-=z  y/ACyTcE  describe 
the  circle  zW,  then  the  area  of  this  circle=area  of  the  eUipse;  let  a  body,  moving;  uniformly  in  it, 
make  one  revolution  in  the  same  time  the  body  does  in  the  ellipse  ;  and  let  the  bodies  set  off  at  the  same 
time  from  A  and  2,  and  describe  AP,  zv,  in  the  same  time ;  then  the  JLzSv  is  the  mean,  and  ASP  the  true 
anomaly.     Draw  pS  indefinitely  near  to  PS,  and  Pr,po  perpendicular  to  Sp,  FP;  then  PrzzPo.    Now 

po      Pr  1 

the  X^PPp  varies  as  i—,— _;  but  in  a  given  time  the  area  PSp  is  given,  .•.  Pr  varies  as  -— ;  hence,  the 

jLPFp,  described  in  a  given  time,  varies  as  — — --,  which  is  not  a  constant  quantity.     Also,  PS  : 

PF::  l^PFp  I  J\  :  ^PSp  (pgi)  •  And  by  the  Note  to  Art.  (221)  as  equal  areas  are  described 

in  equal  times  in  the  circle  and  ellipse  about  S,  the  angular  velocity  about  S  in  the  circle  becomes 

3 


AK  ELLIPSE  ABOUT  THE  FOCUS.  109 


represent  the  mean  anomaly.  Produce  vP  to  r,  and  take  Pr=PSi  then  in  the 
triangle  Svr^  rv  +  vS  :  rv^vS: :  tan.  ^.  ^  vSr  +  vrS  :  tan.  ^.  ^  t;iir — vrJS j  now 
^.rv  +  vS=iA Q  +  ^ t;5==-4 aS,  and  i.rv-vS=^AQ  —  ^vS=&Q;  also,  tan. 
i.  z. vSr  +  tTA=tan.  ^ z.^t?P, and  ^.'ZvSr^^^S  =  (as  Pr=P5)  ^./LvSr-PJSr 
=^  Z.  ASP;  hence,  /Ae  aphelion  distance  :  perihelion  distance ::  tan.  qf^  the  mean 
anomaly  :  tan.  ^  true  anomaly.  This  is  called  the  simple  elliptic  ht/pothesis,  and 
was  used  by  Dr.  Halley  in  constracting  his  Tabula  pro  expediendo  calculo 
(pqtiationis  centri  Lume.  In  the  orbit  of  the  earth,  the  error  is  never  greater 
than  iT  9  in  the  orbit  of  the  moon,  it  may  be  l'.  35".  By  this  hypothesis,  for 
90**  from  aphelion  and  perihelion,  the  computed  place  is  backwarder  than,  the 
true  ;  and  for  the  other  part  it  is  forwarder. 

228.  Although  the  indirect  methods  above  explained  are,  in  general,  the     fig. 
best  for  practice,  yet  as  the  Reader  may  wish  to  see  the  direct  method  of  solv-      46. 
ing  the  Problem,  we  shall  give  that  of  Dr.  Keill  ;  as  being  the  most  simple, 
and  which  may  frequently  be  apphed  with  advantage.     Let  the  arc  ND=:y^ 
e=the  sine  of  AD ,  J^=  the  cosine,  SC=g.     Then  by  trigonometry,  the  sine 

of  NA  =y  -^  "^  ^^*  ^^^  cosine  r:  1  -^  +  J^ &c.  hence,  the  sine  of  AN 

^e^fy-^^-^^  +  ^^-Scc.      Also,    rad.  =  1  :  sin.  ^JVr  or    lSCTv.SC 
=g  :  ST  or  ND  oxy=ge-gJy-?^+^M.  +  i^^itc.  hencty  ge=y  +  gfy 


2.3       2.3.4 


ge 


2  2.3       2.3.4  ®         *  ^-^       '2        '2,3  2.3.4 

=rf,  &c.  hence,  z=iay  +  by*  —  cy^  —  dif*-^  &c.  and  by  the  reversion  of  series, 

^     a      a^  ai  a'  2     2         2.3.4 

therefore  v=- ?  +  —r— tt^-  &c.     If  the  arc  AN  be  greater  than  90°  and 

"^     a     2a^     a^      2a^  ^ 

less  than  270°,  /  becomes  negative,  and  therefore  gf  or  c  will  be  negative ; 

hence,  z/=-—  —  — ^4-  — ;r  &c.     Now  to  reduce  the  value  of  v  into  degrees. 
^  "^     a     2a^      a^     2a^  ^  &       > 

we  know  that  an  arc  equal  to  radius,  or  unity,  is  equal  to  57,29578  degrees 

=r/  hence,  1  :  r::?-^,-l-^  -&c.  :  the  degrees  of  the  arc  y-^1^^^- 
'  '  a     2a^     a"^  ^      a     2a^ 

—  -  &c.     For  the  orbit  of  the  earth,  the  first  term  will  be  sufficient,  not  dif. 


fl* 


_-.     Hence,  the  angular  velocity  about  F  is  greater  or  less  than  the  mean  angular  velocity,  accord- 

ing  as  PFx  PS  is  less  or  greater  than  SW^,  or  than  ACy.  CE.     Also,  the  angular  velocity  about  F  ii 
the  same  in  similar  points  of  the  ellipse  in  respect  to  the  center,  or  at  equal  distances  from  the  center. 
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fering  &Dm  the  truth  the  ten  thousandth  part  of  a  degree.     In  other  cases  it 
may  be  necessary  to  take  more  terms. 

Ex.  Let  the  excentricity  of  the  earth's  orbit  be  0,01691,  the  mean  distance 
beings:  l,  and  the  mean  anomaly  SO"" ;  to  find  the  true  anomaly. 

Log.  ofg          -           .           -           -  8,2281436 

Log.  sin.  of  e  =  80°         ...        9,6989700 
Log.  of  r 1,7581226 


Log.  of  rgCj  or  rz         '         -         -         9,6852362 
Log.  of  fl 0,0063137 

Log,  of  ^  -         -         .         .        9,6789225  .  .  the  natural 

number  corresponding  to  which,  being  a  decimal,  is  O**,  47744=28'.  38"=s=y, 
which  is  true  to  a  second ;  therefore  AN=z29^.  31',  22";  hence. 

Log.  tan.  14*.  45'.  41"  -  .  9,4207651 

i  Log.  *SQ=98309         -         -         -        2,4962966 

11,9170617 
I  Log.  5^=101691         -         .         .        2,5031412 


Log.  tan.  14^  32'.  25"  .  -  9,4139205 

Hence,  the  true  anomaly  is  29°.  4'.  50";  consequently  the  equation  of  the 
center  is  55^.  lO''. 

229.  When  P  and  D  are  very  near  Ay  the  variation  of  PaS  will  be  very  small; 
now  by  the  Note  to  Art.  221.  the  angular  velocity  of  P  at  ^  about  S  :  angular 
velocity  of  D  about  C;:"^^^/^  :  area  ^s^by  D^  ^^^  ^^^^^^^^  ^^  ^^ 

gular  velocities  will  be  nearly  in  a  given  ratio  so  long  as  P  is  near  to  A ;  hence, 
the  difference  of  the  angular  velocities  must  vary  nearly  as  the  angular  velocities 
themselves;  that  is,  the  equation  of  the  center  varies  nearly  as  the  angular  velo- 
city of  P  about  «S',  or  as  the  true  anomaly.  The  same  is  true  at  the  perihelion  Q. 

230.  The  greatest  equation  of  the  center  may  be  easily  found  from  the  Note 
FIG,  Art.  227,  giving  the  dimensions  of  the  orbit.  For  as  long  as  the  angular  velo- 
48,      city  of  the  body  in  the  circle  is  greater  than  that  in  the  ellipse  about  Sj  the 

equation  will  keep  increasing,  the  bodies  setting  out  from  A  and  z  ;  and  when 
they  become  equal,  the  equation  must  be  the  greatest ;  this  therefore  happens 

when  -JL  =     \^^  =         ^  or  when  ACxCEzz  SP^i  hence,  SP  is  knowti. 

Let  iSfW^  represent  the  value  ofSP;  then  as  weknowSW^,  FW  {zz2AC^SW) 
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will  be  known,  and  as  SFis  known,  we  can  find  the  angle  FSJV  the  true  ano» 

maly*.     Hence  (223),  ^*bQ  :  ^SA  ::  tan,  ^  true  anom.  :  tan,  j;  ea?een.  aaom.     fig. 

ACN  or  tan.  |  SCT;  and  as  we  know  5C,  we  can  find  ST  or  iSTjD;  and  to      46. 

convert  that  into  degrees,  say,  rad.  =  1  :  ND::  57°.  17'.  44",8  :  the  degrees  in 

NDj  which  added  to,  or  subtracted  from,  the  angle  ACN  gives  ACD  the  meon 

anomaly,  the  diiference  between  which  and  the  true  anomaly  is  the  greatest 

equation.     Thus  we  may  find  the  equation  at  any  other  time,  given  SP.     Or 

the  cos.  ACN  may  in  general  be  found  thus.     By  Art.  223.  SPzz  1  -^CSx  cob* 

jSP^I  ' 

ACN;    hence,  cos.  ACNzz — 7m7^;  consequentlyfog*.  co^. -4CiV=:fo^.  HP— I 

--log.  CS. 

i231.  The  excentricity,  and  consequently  the  dimensions  of  the  orbit,  may  be 
found  from  knowing  the  greatest  equation.  For  (230)  the  greatest  equation  is 
when  the  distance  is  a  mean  between  the  semi-axis  major  and  minor,  and  there- 
fbre  in  orbits  neariy  circular,  the  body  must  be  nearly  at  the  extf emity  o£  the 
minor  axis,  and  consequently  the  angle  NCA  or  SC7'  will  be  nearly  a  right 
angle,  therefi^re  67  is  nearly  equal  to  66^;  also  NSA  will  be  very  nearly  equal 
to  PSA.  Now  the  angle  NCA'-- NSA  or  PSA  =  SNCy  and  DCA^NCAzz 
DCN;  add  these  together  and  DCA^PSA  =  DCN-\-SNC,  which  (asiV^Cis 
nearly  parallel  to  DS)  is  nearly  equal  to  2DCN;  that  is,  the  difference  between 
the  true  and  mean  anomaly,  or  the  equation,  is  nearly  equal  to  twice  the  arc 
DNy  or  twice  ST,  or  very  nearly  twice  SO.  Hence,  57^.  17'.  44f'jS^ :  half  the 
greatest  equation ::  rad.  =  1  :  SC  the  excentricity.  But  if  the  orbit  be  conok 
derably  excentric,  to  this  excentricity  compute  the  greatest  equation;;,  and  tikeSy 
as  the  equation  varies  very  nearly  as  SC,  say,  as  the  computed  equation  r  ex- 
centricity found : :  given  greatest  equation  :  true  excentricity, 

Ex.  If  we  suppose,  with  M;  de  la  Caille,  that  Mercury^s  greatest  equstion 
ifr24^  3'.  5'\  then  sT.  lY^  44'',S  :  12°.  l'.  32%5::  l  :  ,209888  the  excentricity 
very  nearly.  Now  the  greatest  equation  computed  fi-om  this  excentricity  is 
23^  54'.  28",5;  hence,  23^  54'.  28^5  :  24°.  3'.  S" ::  ,209888  :  ,211165  the  truC 
excentricity.  M.  de  la  Lande  makes  the  greatest  equation  23°.  40',  and  the 
excentricity  ,20774»5. 

232.  The  converse  of  this  Problem-,  that  is,  given  the  excentricity  and  true 
anomaly  to  find  the  mean,  may  be  very  readily  and  directly  solved.  The  ex- 
centricity being  given,  the  ratio  of  the  major  to  the  minor  axis  is  knownt, 
which  is  the  ratio  of  NI  to  PI;  hence,  the  angle  ASP  being  given,  we  have 

♦  Let  D-WS---SF,  then  (Trig.  Art.  131),  sin.  I.FSfVzz'iA'xi  [FIV+D)  x|  {PfV-^D^^  and 

WSxSF  " 

log.  sin.  iFSW:=ii  (log.  f  (Fr+D)  +  log.  \  (FW^—D)  +  ar.  co.  log.  IVS^  ar.  to.  log.  SF). 

t  For  as  AC,  CS  are  known,  we  have  GC=  ^SG^—SCzzVAC^—SCK 


CHAP.  XI. 

« 
ON  THE  OPPOSITIONS  AND  CONJUNCTIONS  OF  THE  PLANETS. 

Art  235.  XHE  place  and  time  of  the  opposition  of  a  superior  planet,  or 
conjunction  of  an  inferior,  are  the  most  important  obsei^vations  for  de- 
termining the  elements  of  the  orbit,  because  at  that  time  tlie  observed  is 
the  same  as  the  true  longitude,  or  that  seen  from  the  sun  ;  whereas  if  observa- 
tions be  made  at  any  other  time,  we  must  reduce  tiie  observed  to  the  true  longi- 
tude, which  requires  the  knowledge  of  their  relative  distances,  and  which,  at 
tiiat  time,  are  supposed  not  to  be  known.  They  also  furnish  the  best  means  of 
examining  and  correcting  the  Tables  of  tiie  planets  motions,  by  comparing  the 
computed  with  the  observed  places. 

236.  To  determine  the  time  of  opposition,  observe,  when  the  planet  comes 
very  near  to  tliat  situation,  the  time  at  which  it  passes  the  meridian,  and  also 
its  right  ascension  (118  or  122) ;  take  also  its  meridian  altitude ;  do  the  same 
for  the  sun,  and  repeat  the  observations  for  several  days.  From  the  observed 
meridian  altitudes  find  the  declinations,  and  from  the  right  ascensions  and 
declinations  compute  (124)  the  latitudes  and  longitudes  of  the  planet,  and 
the  longitudes  of  the  sun.  Then  take  a  day  when  the  difference  of  their  longi- 
tudes is  nearly  1 80°,  and  on  that  day  reduce  the  sun's  longitude,  found  from 
observation  when  it  passed  tiie  meridian,  to  the  longitude  found  at  the  time  (f) 
the  planet  passed,  by  finding  from  observation,  or  computation,  at  what  rate 
the  longitude  then  increases.  Now  in  opposition  the  planet  is  retrograde,  and 
therefore  the  difference  between  the  longitudes  of  the  planet  and  sun  increase  by 
the  sum  of  their  motions.  Hence  the  following  Rule;  As  the  sum  of  their 
daily  motions  in  longitude  :  the  difference  between  180®  and  the  difference  of 
their  longitudes  reduced  to  the  same  time  (/),  (subtracting  the  sun's  longitude 
from  that  of  the  planet  to  get  the  difference  reckoned  from  the  sun  according  to 
the  order  of  the  signs) : :  24A.  :  interval  between  that  time  (/)  and  tiie  time  of 
opposition.  This  interval  added  to  or  subtracted  from  the  time  (/),  according 
as  the  difference  of  tiieir  longitudes  at  that  time  was  greater  or  less  than  1 80% 
gives  the  time  of  opposition.  If  this  be  repeated  for  several  days  and  tiie  mean 
of  the  whole  taken,  the  time  will  be  had  more  accurately.  And  if  the  time  of 
opposition  found  from  observation  be  compared  with  the  time  by  computation 
from  the  Tables,  the  difference  will  be  the  error  of  the  Tables,  which  may  serve 
as  a  means  of  correcting  them. 

Ex.  On  October  24,  1763,  M.  de  la  Lande  observed  the  difference  between 
tiie  right  ascension  of  B  Aries  and  Saturn,  which  passed  the  meridian  at  iO/ty 
VM,.  I.  a 
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IT'.  17"  apparent  time,  to  be  8°.  5'.  7",  the  star  passing  first.  Now  the  apparent 
right  ascension  oftlic  star  at  that  time  was  25*^.  24'.  33",6,  hence,  the  apparent 
right  ascension  of  Saturn  was  1?.  3°.  29'.  40",6  at  \2h.  17'.  17"  apparent  time, 
or  12/i.  1'.  37"  mean  time.  On  the  same  day  he  found,  from  observation  of  the 
meridian  altitude  of  Saturn,  that  its  declination  was  10°.  S5'.  20"  N.  Hence, 
from  the  right  ascension  and  declination  of  Saturn,  its  longitude  is  found  to 
be  1  •.  4°.  50'.  56 ",  and  latitude  2*".  43'.  25"  south.  At  the  same  time  the  sun'* 
longitude  was  found  by  calculation  to  be  7*.  1°.  19'.  22",  which  subtracted 
from  r.  4°.  50".  56"  gives  6*.  3°.  31'.  34";  hence,  Saturn  was  3°.  31'.  34"bey0nd 
opposition,  but  being  retrograde  must  afterwards  come  into  opposition.  Now, 
from  the  observations  made  on  several  days  at  that  time,  Saturn's  longitude  was 
found  to  decrease  4'.  50"  in  24  hours,  and  by  computation  the  sun's  longitude 
increased  59'.  59"  in  the  same  time,  the  sum  of  which  is  64'.  49";  hence,  64'. 
49'  :  3°.  31'.  34"::  24//.  :  78//.  20'.  20",  wliich  added  to  October  24,  12A.  l'.  37" 
gives  27fi?.  18A.  21'.  57"  for  the  time  of  opposition.  Hence  we  may  find  the 
longitude  of  Saturn  at  the  time  of  opposition,  by  saying,  24//  :  78//.  20'.  20" : : 
4'.  50"  :  15'.  47"  the  retrograde  motion  of  Saturn  in  78//.  20'.  20",  wliich  sub- 
tracted from  1*.  4°.  50'.  56"  leaves  1'.  4^  35".  9"  the  longitude  of  Saturn  at  the 
time  of  opposition*  In  like  manner  we  may  find  the  sun's  longitude  at  the 
same  time,  in  order  to  prove  the  opposition;  hence,  24/j.  :  78//.  20'.  20":: 59'. 
59'  :  3^  15^.  47',  which  added  to  V.  1^  19'.  22",  the  sun's  longitude  at  the 
time  of  observation,  gives  7*.  4°.  35'.  9"  for  the  sun's  longitude  at  the  time 
of  opposition,  which  is  exactly  opposite  to  that  of  Saturn.  Hence  also  we  may 
find  tlic  latitude  of  Saturn  at  the  same  time,  by  observing  in  like  manner  the 
daily  variation,  or  by  computation  from  the  'Tables  after  the  elements  of-  its 
motions  are  known  and  the  Tables  constnicted ;  by  which  it  appears,  that  in 
the  interval  between  the  time  of  observation  and  opposition  the  latitude  had 
increased  6",  and  consequently  the  latitude  was  2°.  43'.  31". 

237.  This  is  the  method  which  is  now  made  use  of  to  determine  the  time  of 
opposition  of  the  planets.  The  method  used  by  Tycho,  Hevelius  and 
Flamstead  was  the  same,  except  that  tliey  determined  the  latitude  and  longi- 
tude of  the  planet  from  obsemng  its  distance  from  two  known  fixed  stars,  in 
»!«•  the  following  manner.  Let  P  be  the  pole  of  the  ecliptic,  a  and  b  the  two  stars, 
^^^*  m  the  planet ;  then  observe  wwr,  mb.  Also,  Pat,  Pb  the  complements  of  the 
latitudes  of «  and  t,  and  the  angle  aPb  the  difference  of  their  longitudes,  are 
known,  from  which  find  ab  and  the  angle  Pab ;  then  in  the  triangle  amb 
we  know  all  the  sides  to  find  the  angle  maby  which  added  to  or  subtracted  from 
the  angle  Pab^  according  to. the  position  of  »j,  gives  the  ai^le  Pam  ;  hence,  ia 
the  triangle  Pam^  we  know  Pa,  am  and  tlie  angle  Pam^  to  find  Pm  the  comple- 
ment of  the  planet's  latitude,  and  the  angle  aPm  the  difierence  between  the 
longitudes  of  the .  planet  and  the  star  a.    Thus  also  may  tlie  place  of  any  new 
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j^asnomenon,  as  a  cornet,  be  determined,  if  you  have  not  an  opportunity  of 
observing  its  right  ascension  and  declination,  which  however  is  the  most 
accurate  method. 

238.  The  place  and  time  of  conjunction  of  an  inferior  planet  may  be  found 
in  like  manner,  when  the  elongation  of  the  planet  from  the  sun,  near  the  time 
of  conjunction,  is  sufficient  to  render  it  visible  ;  the  most  favourable  time  there- 
fore must  necessarily  be  when  the  geocentric  latitude  of  the  planet  at  the  time 
of  conjunction  is  the  greatest.  In  the  year  1689,  Venus  was  in  its  inferior 
conjunction  on  June  25,  and  it  was  observed  on  21,  22,  and  28  j  from  which 
observations  its  conjunction  was  found  to  be  at  ISA.  46'  apparent  time  at  Paris, 
in  longitude  ©  4"^.  53'.  40",  and  latitude  S''.  l'.  40"  north.  The  time  and  place 
of  the  superior  conjunction  may  be  also  thus  observed,  when  the  state  of  the 
air  is  very  favourable  ;  for  as  Venus  is  then  about  six  times  as  far  from  the  earth 
as  at  its  inferior  conjunction,  its  apparent  tliameter  and  the  quantity  of  light 
which  we  receive  from  it  are  so  small,  as  to  render  it  difficult  to  be  perceived. 
But  the  most  accurate  method  of  obser\ang  the  time  of  an  inferior  conjunction 
both  of  Venus  and  Mercury  is  from  observations  made  upon  them  in  their 
transits  over  the  sun's  disc.  This  we  shall  explain,  when  we  come  to  treat  on 
that  subject. 
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an  March  11,  at  16A.  55\  Saturn  being  then  in  n^  21^  3'.  14",  with  2^  25" 
north  lat.  Now  between  the  two  first  oppositions  there  were  1942  years  (of 
which  485  were  bissextiles)  wanting  I4rf.  16/e.  45',  that  is,  1943  common 
years  and  105rf.  7h.  15*  over.  Also  the  interval  between  the  times  of  the  two 
last  oppositions  was  378^?.  Sh.  40',  during  which  time,  Saturn  had  moved  over 
13^  6'.  28";  hence,  13^  6'-  28"  :  26'.  14"::378(/.  Sh.  40'  :  13rf.  14/i.  which 
added  to  the  time  "of  the  opposition  in  1714,  gives  the  time  when  the  planet 
had  the  same  longitude  as  at  tlie  opposition  in  228  before  J.  C  This  quantity 
added  to  1943  common  years  105rf.  7//.  15*  gives  1943^.  118rf.  21*.  15*,  in 
which  interval  of  time  Saturn  must  have  made  a  certain  complete  number  of 
revolutions.  Now  having  found,  from  the  modem  observations,  that  the  time 
of  one  revolution  must  be  nearly  29  common  years  164rf.  23A.  8',  it  follows  that 
the  number  of  revolutions  in  the  above  interval  was  66 ;  dividing  dierefore  that 
interval  by  66  we  get  29y.  162rf.  4*.  27'  for  the  time  of  one  revolution.  From 
comparing  the  oppositions  in  the  years  1714  and  1715,  the  true  movement  of 
Saturn  appears  to  be  very  nearly  ^qual  to  tiie  mean  movement,  which  shows 
tliat  the  oppositions  have  heen  observed  very  near  the  mean  distance;  conse« 
quently  the  motion  of  aphelion  cannot  have  caused  any  considerable  error  in 
die  determination  of  the  mean  motion.  Hence,  the  mean  annual  motion 
is  12^.  13'.  35".  14*",  and  the  mean  daily  motion  2.  O".  35"'.  Dr.  Hallet 
makes  the  annual  motion  to  be  12^  13'.  21".  M.  de  Place  makes  it  12^ 
13'.  36",8.  As  the  revolution  here  determined  is  that  in  respect  to  tlie 
longitude  of  the  planet,  it  must  be  a  tropical  revolution.  Hence,  to  get  tlie 
sidereal  revolution,  we  must  say,  2'.  0\  35"'  :  24'.  42".  20'"  (the  precession  in 
tlie  time  of  a  tropical  revolution  (148)  ) ::  1  day  :  12d.  7  It.  l'.  57",  which  added 
to  29^.  162rf.  4A.  27'  gives  29^.  174(/.  11  A.  28'.  ^T  the  length  of  a  sidereal  year 
ofSatiu^n. 

240.  In  the  same  manner  that  we  have  determined  ,the  time  of  a  tropical 
revolution  of  Saturn  from  those  oppositions  which  happen  nearly  in  the  same 
point  of  the  heavens,  we  may  determine  the  periodic  time  of  Jupiter  mud  Mars^ 
we  shall  therefore  select  such  observations  from  Cassini,  as  may  be  proper  for 
tliis  purpose. 

In  1699,  Jupiter  was  in  opposition  at  Paris  on  June  14,  at  lOh.  s!  in  t  23^ 
52'.  40",  with  O^  23'.  7"  nortli  lat.  In  1710  the. opposition  happened  on  May 
17,  at  18ft.  24'  in  /  26^  47'.  47",  with  1°.  4'.  50'  north  lat.  In  1711  the 
opposition  was  on  June  20^  iat  6A.  37'  in  t  28°.  36'  with  0°.  15*.  50"  north  lat. 
From  these  observations,  tlie  time  of  a  mean  revolution  comes  out  l\y.  Sl3d. 
I6h.  54/.  Now  tiie  most  asicient  oppositiQU  is  that  observed  by  Ptolemy  on 
May  15,  133  years  after  /.  C.  at  23//.  3',  Jupiter  being  in  m  23°.  22'.  22". 
On  May  12,  1698,  it  happened  at  5h.  46'  in  m  22^  20'.  32".     On  June  14, 
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1699,  it  happened  at  lOh.  S'  in  t  28^  52'.  42".  From  these  observations, 
proceeding  as  for  Saturn,  the  time  of  a  tropical  revolution  comes  out  1  ly, 
Sl5d*  10//.  But  from  the  mean  of  several  observations  Cassini  determined 
it  to  be  lly.  SlSd.  14//.  36'.  Hence,  its  mean  annual  motion  is  SO^.  20'. 
31".  50".  In  liis  Tables  he  makes  it  30°.  20'.  34".  Dr.  Halley^  in  his  Tables, 
makes  it  30°.  20'.  38".     M.  de  la  Place  makes  it  30°.  20'.  31",7. 

In  1715  Mars  was  in  opposition  on  April  21,  at  11  A.  in  m  l\  ft'.  30".  On 
June  11,  1717,  the  opposition  happened  at  9h.  11'  in  t  20°.  17'.  15".  Now 
in  this  time,  which  was  2  years  (one  of  which  was  a  bissextile)  and  50^.  22A. 
1 1',  Mars  had  made  one  revolution  and  49°.  27'.  45"  over ;  Itence,  from  these 
two  observations,  we  shall  get  a  sufficient  approximation  to.  the  time  of  a  revo- 
lution, by  saying,  360° +  49°.  27',  45'  :  360°::781d^  22A.  11'  :  687^.  llA.  15' 
the  time  of  a  revolution.  Now,  from  the  observations  of  Ptolemy,  it  ap- 
pears that  Mars  was  in  opposition  on  December  13^  at  1:1/;.  48'  at  Paris,  130 
years  after  J.  C.  in  n  21°.  22'.  50".  In  1709  Mars  was  in  opposition  on 
January  4,  at  5h.  48'  in  ®  14°.  18'.  25".  Between  these  observations  there  was 
an  interval  of  1578^.  lid.  18/^,  and  consequently  the  time  of ;  a  tropical 
revolution  comes  out  666d.  22A.  16'.  From  the  mean  of  several  results 
Cassini  makes  it  6866^.  22A.  18'.  Hence,  the  mean  annual  motion  is  6'.  11°. 
17'.  9'',5.  Dr.  Halle Y  makes  it  6\  11°.  17'.  10" in  his  Tables;  and  M.  dela 
Lande  makes  it  the  same.  The  mean  motions  thus  found  may  be  considered 
.as  sufficiently  accurate  to  settle  the  place  of  tlie  aphelion  and  excentricity  of  the 
orbit ;  after  which  the  periodic  time  may  be  determined  witli. greater  accuracy. 
Taking  therefore  the  place  of  the  aphelion  and  excentricity  of  Jupiter  and 
Mars  as  we  shall  afterwards  settle  it,  we  will  proceed  to  show  how  we  may 
correct  the  periodic  time  already  found,  by  allowing  for  the  difference  of  the 
equations  at  the  different  observations. 

On  May  15,  133  years  afl«r  J.  C.  Jupiter  was  in  opposition  at  23A.  3'  in  tlie 
meridian  of  Paris,  in  ta   23°.  22'.  22" ;  and  the  equation  of  the  orbit  being  5°.^ 
12'.  46",  the  mean  place  was  m  28°.  35'.  8".     On  May  12,  1698,  at  5h.  46'  in 
.the  evening,  Jupiter  was  in  opposition  in  itt  22°.  20'.  32",  and  the  equation 
being  3°.  51'.  21",  the  mean  place  was  ni  26°.   11'.  53";  hence,  the  diffi^rcnce 
between  the  mean  places  was  2°.  23'.  15",  the  time  of  describing  which  was 
.28rf*  17A.  15'  according  to  the  mean  motion  already  determined  ;,  this  added  to 
the  time  of  opposition  on  May  12,  1698,  gives  June  10,  11  A.  l'  at  whicli  time 
the  mean  place  was  the  same  as  at  the  first  observation.     Hence,.  t]>e  interval 
of  these  observations  divided  by   132,  the  number  of  revolutions,  gives  lly^ 
Sl5d.  12A.  54'  for  the  time  of  a  mean  tropical  revolution.    From  the  mean  of 
this  and  two  other  observations,   Cassini  finds  the  time  to  be  11^.  31 5d*  l2/u 
33' ;  and  consequently  its  mean  annual  motion  30°..  20',.  83".  56 '.     £lem.  d* 
Asstron^  ^..  4fSW 
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7it!>cemb*r  15,  130  years  after  J,  C.  Mars,  from  the  observations  of 
»-TzaT,  WM  in  opposition  at  11//.  48' in  n  21°.  22'.  50';  and  the  equatitm 
T=r~-  ?■  ♦♦',  the  mean  place  was  n  I4^  20'.  6".  On  December  11,  1691, 
J.  -L  :♦  4e  opposition  happened  in  n  19".  55.  16' ;  and  the  equation  being 
.•^.  Z'i.  !♦,  the  mean  place  wasn9°.  39'.  2",  Now  the  ditfercnce  of  these 
n^~  z'ucea  was  4°.  4i'.  4",  the  time  cwT describing  which  is  8rf.  22//.  31'.  which 
a.r->:  M  December  11,  3k.  14'  gives  December  20,  ift.  45*,  when  the  mean 
ssr;  T»  the  same  as  at  the  first  observation.  Tiie  interv'al  of  tliese  times  was 
:  ^:  rar*  (of  which  390  were  bissextiles)  wanting  sd.  lOh.  3' ;  which  divided 
TT  *ii>,  the  number  of  revolutions,  gives  686rf.  22//.  18'.  39"  for  the  time  of  a 
-ran  I'Jpawr/  revolution ;  consequently  tlie  mean  annual  motion  is  6*.  1 1°. 
,-  *-r.  This  correction  is  not  necessarj'  to  be  applied  to  our  determinatieit 
If  -lie  Beriodic  time  of  Saturn ;  for  as  it  was  observed  near  the  mean  distance, 
wneK  nie  equation  is  a  maximum,  the  I'ariation  of  ^°  in  tiie  place  would  not 
•3iu>e  xre  seo^ble  niriatioh  in  the  equation. 

i-t:.  fa  the  same  manner  we  may  determine  tlie  time  of  a  tropical  revolution 
.if  l''rta.-\  fcT  comparing  the  lime  of  two  conjunctions,  first  getting  an  approxi- 
■nacun  va.  wiJer  to  be  sure  of  the  number  of  revolutions.  Now  in  1709,  on 
-.jntf  Si,  at  6A.  apparent  time,  Venus  was  in  superior  conjunction  in  ®  O^. 
V.  S.'"i  ^^  "•  1705,  on  June  21,  at  22//.  an  inferior  conjunction  happened 
I  ^  \f.  S&.  52".  In  this  inton*al  Veims  must  have  made  6i  revolutions  and 
-*»  *S  i  therefore  the  time  of  one  revolution  is  found  to  be  224,;  davs  nearly. 
♦-,  ^.f  the  time  more  accurately,  we  must  take  two  conjunctions  at  a  greater 
-nn;nT»i  of  time,  and  allow  for  the  difference  of  the  equations  at  the  times  of 
iOj4.T*iaiiou.  Now  in  1639  on  December  4,  at  6//.  11'  mean  time,  Venus  was 
^  ^v»rtM»ctio"  •"  "  12°.  31'.  44"  on  the  echptic,  and  n  12°.  31'.  37"  on  its 
■,->\C ;  ii^  ^^'^  equation  being  40'.  26',  gives  its  mean  place  n  13°.  J  2'.  3". 
*n  A;  cv»njunction  1716,  on  August  28,  at  16ft.  37'  mean  time,  Venus  was  in 
^■441.53''  on  its  orbit;  and  the  equation  being  25'.  11",  gives  the  mean 
••iart  v**'-  ^^-  *  •  ^°^'  '"  ^^'^  interval  of  time,  which  has  been  76  common 
vci.'s  aiwl  286rf.  10/j.  26',  there  have,  from  what  has  been  shown  above, 
S\-tt  l^-'  revolutions  and  8'.  23°.  3'.  I";  hence,  125  re\-olutions  8'.  23°.  3'.  1"  : 
■iA>'.::~^y-  286rf.  10/(,  26'.  :  224rf.  16A.  41'.  40"  the  time  of  a  mean  tropical 
wvcttttw"'     Hence,  the  mean  annual  motion  is  7'.  14°.  47'.  28".  Elem.d' /Istron. 

*  ^g^  CtfttNi  proposes  also  to  find  the  time  of  a  revolution,  by  comparing 

■.,•   observations  with  tlie  modern  ones  made  when  Venus  was  not  in 

.,.11,  for  the  ancient  Astronomers  could  make  no  observations  in  con- 

,,,  i«  want  of  telescopes.     Forexample.     On  December  25,  136,  at  4ft. 

caith  appeared  in   1'.  20°.  IS'.  4.5';  and  on  December 

I  wen  in  1'.  zn",  l'.S6",  atlvanced  2°.  47'.  51"  beyond 
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the  first  observation;  and  as  Venus  ran  through  this  space  in  id.  17A.  54f\ 
Cassini  concluded  that  on  December  15,  1594,  at  lO/i.  S6'  Venus  was  in  the 
same  place -as  at  the  first  observation,  the  interval  of  which  times  was  1458 
common  years  3S4d.  6h.  S6',  in  which  Venus  had  made  2370  revolutions; 
hence,  the  time  of  one  revolution  is  2246?.  16h.  39'.  4".  This  method  would 
be  accurate,  provided  the  earth  was  at  tlie  same  point  at  both  times,  and  the 
orbit  of  Venus  was  fixed.  Hence,  the  mean  annual  motion  is  7%  14^  47'.  45". 
Cassini  in  his  Tables  makes  it  7*.  14^  47'.  29".  Dr.  Halley  makes  it  7*. 
14^  47^.  28".     M.  de  la  Lande  malces  it  7'.  14°.  47'.  30". 

243.  The  periodic  time  of  Mercury  may  be  very  accurately  determined  from 
its  transits  over  the  sun's  disc ;  for  as  they  have  frequently  been  observ^ed,  we 
have  an  opportunity  of  chusing  such  as  will  give  us  a  very  accurate  conclusion. 
From  the  observations  of  the  conjunction  of  Mercury  on  November  6,  1631, 
Cassini  found  the  time  of  the  conjunction  to  be  at  19A.  50',  and  the  true 
place  of  Mercury  1'.  14°.  41'.  35".  On  November  9,  1723,  at  5//.  29',  the 
conjunction  was  in  1*.  16°.  47'.  20",  only  2°.  5'.  45"  beyond  the  place  at  the 
^rst  observation.  Now  according  to  tlie  Tables  of  Cassini,  this  difference  is 
just  equal  to  the  motion  of  the  aphelion  of  Mars  in  the  same  time;  conse- 
quently Mercury  was  in  the  same  place  in  its  orbit  at  each  time,  and  therefore 
the  equation  was  the  same.  Also,  the  conjunctions  happening  very  neariy  at 
the  same  time  of  the  year,  the  equation  of  time  was  very  nearly  the  same,  and 
therefore  the  difference  of  the  apparent  times  is  the  same  as  of  the  true.  Hence 
in  tlie  interval  of  92  years  (of  which  22  were  bissextiles)  and  2d.  9Ji.  39',  Mer- 
cury (from  first  finding  nearly  the  time  of  a  revolution  by  2  conjunctions  near 
each  other)  is  found  to  have  made  382  revolutions  2°.  5'.  45";  hence,  by  propor- 
tion, the  time  of  a  tropical  revolution  is  87rf.  23//.  14'.  20",9j  and  the  mean 
annual  motion  comes  out  1*.  23^43'.  11".  39'".  Cassini,  in  his  Tables,  makes 
it  1*.  23°.  43'.  11'.  Dr.  Halley  makes  it  V.  23°.  43'.  2";  and  M.  delu  Landk, 
1*.  23°.  43'.  3". 

On  the  Secular  Motiom  of  Jupiter  and  Satuiiu 

244.  Tlie  time  of  a  revolution  of  Saturn  deduced  from  the  niodeni  obser- 
vations comes  out  greater  than  that  deduced  from  a  comparison  of  the  modern 
with  the  ancient  observations.  If  therefore  the  modem  observations  could  be 
(Icpended  upon  to  give  the  time  of  a  revolution  nearer  than  that  diflTcrence,  it 
would  prove  that  the  lengtli  of  Saturn's  year  is  increasing.  Now  althougli 
observations  made  at  a  small  inter\-al  of  time,  could  not  be  sufficient  to  esta- 
blish this  point,  yet  from  a  comparison  of  our  obsen-ations  with  those  made  by 
Tycho,  it  appear?;  that  this  is  the  case.     Tlie  length  of  the  year  therefore  when 
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jncertained  for  aoe  tnne  wiD  aftoivards  want  a  correction,  and  the  quaoti^  of 
this  conection  it  called  the  Secular  Equation. 

d45.  KspLEa  first  observed  this  circunourtance,  from  examining  the  observa- 
tioDs  of  RcGio>iO!frAin7s  and  Waltherus;   for  he  constantly  found  Jupiter 
forwarder  and  Saturn  backwarder  than  they  ought  to  have  been  from  the  mean 
{ motions  determined  from  the  observations  of  Ptolemy  and  Ttcho*     He  sttd 
the  same  of  Mars ;  but  M.  de  la  Lande  observes,  that  he  cannot  find  there  is 
any  secular  equation  wanted  for  that  planet.     Flamstcad  also  observed,  that 
in  all  the  best  Astronomical  Tables,  the  mean  motions  of  Saturn  were  too 
swifl,  and  of  Jupiter  too  slow;  whence  it  came  to  pass,  that  the  computations 
gave  those  conjunctions  which  happened  when  the  planets  were  direct^  some 
days  sooner,  and  when  retrograde^  some  days  later  than  the  time  from  obser* 
vation;  Phil.  Trans.  N^  149.    Hevelius  also  observed  the  same.    M.  Masaldi 
perceived  also  that  the  mean  motions  of  Saturn,  if  we  suppose  them  uniform, 
would  not  agree  both  with  the  observations  of  Tycho  and  those  of  this  i^. 
Dr.  Halley,  in  his  Astronomical  Tables,  applied  a  secular  equation  of  9^-^ 
for  2000  years  to  Saturn,  and  3^.  40'  to  Jupiter,  but  he  does  not  g^ve  the-  ob- 
servations from  which  he  deduced  these  conclusions.     M.  de  la  Lanoe,  &om 
comparing  the  oppositions  in  the  years  1594,  1595,  1596  and  1597  with  those 
in  1713,  1714,  1715,  1716  and  1717,  found  the  mean  motion  of  Saturn  to  be 
12^.  13'.  19".  14'"  which  is  16"  in  a  year  less  tliari  that  given  by  Casswi;  aad 
the  duration  of  the  revolution  greater  by  near  4  days.     He  chose  tliose  opposi- 
tions which  happened  near  the  mean  distance  (as  Cassiki  did  also),  because  the 
true  and  mean  motions  being  then  equal,  the  conclusions  would  be  more 
accurate.     He  also  chose  other  oppositions  at  the  distance  of  about  120  years, 
and  when  Jupiter  and  Saturn  were  in  similar  situations,  so  that  no  error  was  to 
be  apprehended  from  their  mutual  attraction,  this  being  the  same  in  each  case. 
Now  if  with  the  mean  motion  found  in  120  years,  the  place  of  Saturn,  from 
where  it  is  now  found  to  be,  be  computed  for  the  time  of  the  observation  be- 
fore mentioned  in  the  year  228  before  J.  C.  the  longitude  wll  be  found  to  be 
too  great  by  7°j  this  therefore  is  the  secular  equation  for  2000  years,  according 
to  this  mean  motion.     But  from  other  observations  he  concluded  the  mean  mo- 
tion to  be   12^  13'.  26",558.      With  this  mean  motion  he  finds  the  secular 
equation  to  be  47"  in  the  first  century  from  which  this  motion  was  deduced; 
for  with  this  mean  motion  and  secular  equation,  the  calculations  best  agree  with 
the  ancient  observations.     From  the  theory  of  attraction  it  appears,  that  sup- 
posing the  aphelion  of  Saturn  and  Jupiter  to  be  fixed,  tlie  secular  equation  va- 
ries as  the  square  of  the  time,  which  M.  de  la  Lande  thinks  may  be  de- 
duced from  this  consideration,  that  the  velocity  lost  by  Saturn  in  consequence 
of  the  cause  which  produces  the  equation  being  so  very  small,  may  be  consi* 
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ilered  equal  in  equal  times;  whence  from  the  principle  of  the  law  of  falling  bo- 
dies, the  spiice  lost  must  vary  as  the  square  of  the  time.  Now  from  five  obser- 
vations of  Ptolemy,  he  found  the  secular  equation  for  the  first  1  CO, years  to 
be  47";  hence,  100*  :  f*::47"  :  the  secular  equation  for  ^  years.  Now  tlie  lo- 
garithm of  47  minus  the  logarithm  of  100*  is  7,6720979;  hence,  if  to  this  con- 
stant logarithm  we  add  twee  the  logarithm  of  t^  we  shall  have  the  logarithm  of 
the  secular  equation  for  t  years  from  the  commencement  of  the  100  years,  to 
be  subtracted  from  the  mean  longitude. 

246.  But  besides  the  secular  equation,  the  mean  motion  of  Saturn  is  also 
subject  to  other  irregularities,  which  are  found  to  follow  from  the  attraction  of 
Jupiter.  Dr,  Hallbt,  in  hi^  Astronomical  Tables,  observes  that  Jupiter  from 
his  opposition  in  16779  to  that  in  1689,  was  found,  from  indubitable  observa- 
tions, to  be  1 2'  slower  than  in  the  preceding  or  subsequent  revolutions.^  Also 
the  periodic  time  of  Saturn  between  the  years  1668  and  1698  was  nearly  a  week 
shorts  than  its  mean  revolution;  and  the  periodic  time  between  1689  and 
1719  was  nearly  as  much  greater,  so  that  between  tlie  two  revolutions  there 
was  a  difference  of  more  than  1 3  days.  This  Dr.  Halley  supposes  to  arise 
firom  the  attraction  of  the  greater  bodies  in  the  system  being  difterent  in  dif- 
ferent positions.  For  he  observes,  that  in  1 683  there  was  a  conjunction  of . 
Jupiter  and  Saturn,  when  from  the  position  of  the  apsides,  the  planets  ap- 
proached nearest  to  each  other,  and  Saturn  was  most  urged  towards  the  sun 
and  Jupiter  from  it;  so  that  Jupiter's  velocity  being  increased  and  its  force  to 
the  sun  diminished,  its  orbit  was  increased  and  consequently  its  periodic  time; 
on  the  contrary,  Saturn's  velocity  being  diminished  and  its  force  to  the  sun  in- 
creased, its  orbit,  and  consequently  its  periodic  time,  was  diminished.  Now, 
says  he^  if  the  same  thing  should  happen  again,  that  is,  if  a  conjunction  i^ould 
take  place  again  in  the  same  point  of  the  Heavens,  and  the  same  effects  should 
follow,  we  may  hope  that  it  can  be  accounted  for  from  the  Laws  of  gravity  ; 
but  if,  in  like  circumstances,  the  same  effects  are  not  found  to  take  place,  other 
extraneous  causes  are  to  be  sought  for.  But  M.  <le  la  Place  has  discovered, 
that  these  ifiequalities,  as  wdl  as  the  secular  equations,*  may  be  represented  by 
am  equations  ftt>m  Jupiter's  attraction,  of  48',  which  depends  on  5  times  the 
kmgitoode  of  Saturn  minus  twice  that  of  Jupiter,  of  which  the  period  is  9 1 8 
years.  "For  this  we  must  employ  the  mean  annual  motion  of  12^  13'.  36",81. 
Thus  all  the  irregularities  of  Saturn's  motion  are  confined  to  a  certain  period, 
afler  which  they  all  return  again.  In  tlje  yeairs  »1701  and  1760  the  errors  of 
Dr.  H alley's  Tables  were  8^'  and  2U',  according  to  M.  de  la  Lande,  so  thiat 
the  motion  of  Saturn  was  greater  by  13',  and  its  periodic  time  was  shorter  by  6  J 
days,  than  in  its  revolution  between  1686  and  1745.  Now  the  mean  anomaly 
in  1701  and  1760  was  3°.  1',  and  the  angle  at  the  sun  between  Jupiter  and  Sa- 
turn  was  19°  in  1701  and  30°  in  1760,  so  that  the  error  in  the  mean  motion 
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could  not  arise  from  any  dissimilar  situations  of  Saturn  In  its  orbit,  by  which 
the  elements  of  the  motions  might  err ;  nor  from  the  different  situations  of  Ju- 
piter, that  difference  not  being  sufficient  to  cause  such  an  error, 

247.  The  motion  of  Jupiter  requires  also  a  secular  equation,  as  Dr.  Hallet 
obserA'^ed,  who  made  it  3^  49'.  24"  for  2000  years,  or  34",4  for  tlie  first  century, 
supposing  it  to  increase  as  the  square  of  the  time.  M.  Maraldi  also  observed^ 
that  the  modern  observations  gave  the  motion  of  Jupiter  greater  than  the  an* 
cient.  M.  de  la  Lande  found  by  comparing  the  observations  made  240  years 
before  J.  C.  with  those  in  the  year  508,  that  Jupiter's  secular  motion  in  83  years 
was  2'.  04".  And  comparing  the  observations  in  508  with  those  in  1503  and 
1504,  we  find  nearly  the  same  result  But  if  we  compare  the  conjunction  of 
Jupiter  with  Regulus  on  October  12,  1623,  with  the  like  observation  made  in 
1706,  we  find  it  21'  for  83  years.  Dr.  Halle t,  in  his  Tables,  fixed  it  at  IS'. 
26''  for  83  years,  which  makes  the  revolution  8  hours  shorter  than  that  deduced 
from  the  ancient  observations.  The  oppositions  from  1689  to  1698  compared 
with  those  in  1749,  give  a  mean  motion  equal  to  that  in  the  Tables  of  Cassini; 
which  Tables  give  the  place  of  Jupiter  1'  too  much  in  508.  These  conclusions 
indicate  a  great  irregularity  in  Jupiter's  motions;  and  this  irregularity  is  further 
confirmed,  if  we  consider  that  M.  Wargentin  makes  the  secular  equation  for 
the  first  100  years  to  be  18";  M.  Baillt  makes  it  12^;  and  M.  de  la  Lands 
fixes  it  at  30^"  for  the  first  100  years,  or  3^  23'.  20*  for  2000  years,  adoiittiiig 
it  to  increase  as  the  square  of  the  time,  which  agrees  nearly  with  Dr.  Hal- 
let's  determination.  M.  de  la  Grange,  firom  the  theory  of  gravity,  finds  it 
to  be  3'.  1 8",  which,  as  M.  de  la  Lande  observes,  agrees  very  well  with  the 
observations  from  1590  to  1762,  but  not  with  the  ancient  observations.  Euleb 
determined  it  firom  tlieory  to  be  2'.  23".  M.  de  la  Lande  says,  that  his  own  se-^ 
cular  equation,  with  the  mean  secular  motion  of  5'.  6^.  27^*  9Cf^  agree  as  nearly 
as  possible  to  all  the  observations.  M.  de  la  Place  found  in  1786  an  ine* 
quaUty  of  20'  from  the  attraction  of  Saturn,  the  period  of  which  equation  ii 
918  years,  as  in  Sattirn.  Thus  he  made  the  secular  equation  disappear,  it  be« 
ing  only  an  irregularity  whose  period  is  918  years.  This  supposes  a  secular 
motion  of  5\  6^  17'.  33".  llie  secular  equation  being  determined  for  100 
years,  it  may  be  found  for  any  other  time,  as  it  was  for  Saturn,  by  takii^  it  in 
{proportion  to  the  square  of  tlie  time. 

The  longitude  of  the  sun  requires  a  secular  equation  of  12^  for  2500  years, 
arising  from  the  diminution  of  the  precession  of  the  equinoxes,  according  fo 
M.  de  la  Land£« 
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The  secular  motibn  is  in  respect  to  the  equinox. 

The  secular  motion  of  tlie  Georgian  Planet  in  respect  to  the  equinox  is  2'. 
13°.  16'.  5^';  its  tropical  revolution  is  83y.  52d.  4h.  its  sidereal  revolution  is 
6Sy.  ISOd.  ISA;  and  its  tropicaldiumai  motion  is  42',678026. 

Dr.  Halley  made  the  length  of  a  tropical  year  365rf.  5k.  48'.  5.5"j  Flam- 
stead  and  Sir  I.  Newton  made  it  57",5;  Mayer- 51"j  and  M.  de  la  Cah-le  in. 
his  Tables  49".     By  our  determination,  57'. 
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ON  THE  GREATEST  EQUATION,  EXCENTRICITY  AND  PLACE  OF  THE  APHELIA 

OF  THE  ORBITS  OF  THE  PLANETS. 

Art  248.  Having  determined  the  mean  motions  of  the  planets,  we  pro- 
ceed next  to  show  the  method. of  finding  the  greatest  equation  of  their  orbits, 
and  from  thence  the  excentricity  and  place  of  their  aphelia.  For  although, 
in  order  to  determine  the  mean  motions  very  accurately,  these  things  were 
supposed  to  be  known,  yet  without  them  the  mean  motions  may  be  so  nearly 
ascertained,  that  these  elements  may  from  thence  be  very  accurately  settled. 

249.  Let  A  be  the  aphelion,  S  the  focus;  take  SW  a  mean  proportional  be- 
tween the  semi-axis  major  and  minor,  then  (230)  when  tlie  plunet  comes  to 
the  points  V  and  JV  the  equation  is  the  greatest  j  at  which  times  let  the  mean 
places  be  at  t;  and  »,  tlien  the  diflTerence  between  the  true  and  mean  mo- 
tions, from  F  to  W  v&  the  sum  of  the  angles  VSv^  WSxVj  or  ^WSw^  the 
half  of  which  is  the  greatest  equation.  Now  to  find  when  this  haj^ens, 
observe  the  true  places  of  the  planet  when  at  V  and  JF,  take  the  difference  of 
•the  two  places,  and  compute  the  mean  motions  for  the  ^ame  time^  and  half 
the  difference  is  the  greatest  equation.  But  as  it  is  impossible  to  fix  upon  the 
times  when  the  planet  is  accurately  at  V  and  W^  •  several  observations  must  be 
made  about  each  time,  and  comparing  them  two  by  two,  find  those  where 
the  difference  between  the  true  and  mean  motions  is  the  greatest,  and  half 
the  difference  is  the  greatest  equation.  The  observer  will  easily  find  when 
the  planet  is  got  near  to  the  mean  distance,  by  comparing  his  observations  for 
several  days,  and  observing  whether  the  true  motion  be  nearly  equal  to  the  miean 
motion.  Hence,  if  we  bisect  the  interval  it  will  give  the  place  A  of  the  aj^elion. 
Having  found  the  greatest  equation,  the  excentricity  will  be  known  (2$l). 
Or  the  greatest  equation  may  be  found  thus.  Having  made  two  observations 
near  to  F  and  U\  find  the  equation  corresponding,  and  from  thence  the  place 
of  the  aphelion  and  excentricity;  then  compute  for  the  two  times  of  observation 
the  equations  corresponding,  and  also  the  greatest  equation;  and  the  difference 
between  half  the  sum  of  the  computed  equations  for  the  times  of  observation 
and  the  computed  greatest  equation  shows  the  error  arising  from  the  observation; 
which  added  to  the  equation  found  from  observation  gives  the  greatest  equi^ 
tion. 
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r     Ex.  To  find  tiie  greatest  equation  of  the  sun.  From  the  observation^  of 

M^  de  la  Caille  in  1751,  on 

October  7,  sun's  place  observed  was     -  6\  13°.  47'.  r3'',7 

March  28,  1752         -         •         -         •  O.     8.    9.2^,  5 


Mean  motion  by  calculation 


5.  24.  22.  11,  8 
5.  20.  31  .  43,  2 

3  .  50 .  28,  6 


Thehalf  of  which  1^  55'.  14^,3  is  the  greatest  equation,  if  no  correction  be 

required.     But  if  we  take  the  place  of  the  aphelion  and  excentricity  from  this 

'equation,  considered  as  the  greatest,  and  calculate  the  equations  for  these  two 

times,  half  the  difference  will  be  the  supposed  greatest   equation ;  compute 

also  the  greatest  equation,  and  we  shall  find  tfiat  these  differ  by  18",6,  wliich 

'shows  that  the  greatest  equation  deduced  from  these  two  observations  differs 

from  the  greatest  equation  itself  by  that  quantity;  this  therefore  added  to  1°. 

55'.  14'',S  gives  1^.  5o.  32",9  for  the  greatest  equation.     From  the  mean  of 

'several  observations  M.  de  la  Caille  makes  it  1°.  55'.  32". 

In  the  year  1717  on  March  21,  the  sun's  place  on  the  meridian  at  Paris,  by 
Cassini's  Astronomy  page  191,  was  in  t  0^  47'.  28"  and  on  September  23, 
in  A  O^  15'.  50".  Hence,  the  true  motion  in  185^.  23h.  45'  was  5\  29°.  28'. 
22",  and  the  mean  motion  in  that  time  was  6*.  3^  19'.  12",  half  the  difference 
of  which  is  1®.  55'.  25".  By  thus  comparing  the  observation  on  September  23, 
1717,  with  the  observation  on  March  21,  1718,  the  equation  comes  out  l*'. 
55\  16" j5.  If  we  compare  the  observation  on  March  28,  1717,  with  that  on 
September  27,  following,  the  equation  comes  out  1°.  55'.  37 ',5.  And  if  we 
compare  the  observation  on  March  28,  1718,  with  that  on  September  27, 
1717,  the  equation  is  found  to  be  1°.  56'.  3",5.  The  mean  of  all  these  is  1°.  55. 
35",5  for  the  greatest  equation,  differing  only  3', 5  from  the  other ;  but  Cassini, 
in  his  Tables,  makes  it  1°.  55'.  51'.  In  the  Tables  of  Mayer  it  is  1^  55'. 
3l'',6.  M.  de  Lambre,  from  the  observations  of  Dr.  Maskelyne,  makes  it 
1^  55\  30",9  in  1780;  for  on  account  of  the  diminution  of  the  excentricity 
of  the  earth*s  orbit,  the  greatest  equation  is  subject  to  a  diminution. 

250.  To  find  the  place  of  the  aphelion  Aj  observe  the  interval  of  time 
from  m  to  n,  two  opposite  points  in  the  orbit ;  and  if  that  be  equal  to  half  the 
anomalistic  revolution,  or  the  time  from  A  to  Q,  the  points  m  and  n  must 
coincide  with  A  and  Q  ;  for  the  whole  area  can  only  be  bisected  by  the  line  ASQ 
passing  through  Sy  and  consequently  the  time  of  half  a  revolution  about  S  can 
never  be  equal  to  half  the  time  of  one  whole  revolution  but  from  A  to  Q,  the 
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ftreas  being  in  proportion  to  tlie  times  (219),    Now  the  difference  (d)  between 

the  times  from  A  to  Q,  and  from  ;w  to  n  must,  by  taking  away  the  time  from 

m  to  Q  which  is  common  to  both,  be  equal  to  the  difference  between  the  times 

through  Am  and  Q/i.     Put  /lathe  time  from  A  to  w,  and  let  m  and  n  be  tlie 

mt 
angular  velocities  about  S  in  24  hours  at  A  and  Q  ;  then  n  :  tw  : :  /  :  ~  =  the 

times  through  -Qn,  the  time  of  describing  equal  angles  being  inversely  as  the 

tnt 
angular  velocities.;  hence,  t =(/,  consequently  w — m  :  n::d  :  t.  Now  if  the 

observation  be  made  at  m  when  the  sun  is  past  Ay  the  time  through  mQn  must 
be  less  than  the  time  from  A  to  Q,  because  the  area  ASm  being  greater  than 
QiV//,  the  area  AmQ  described  about  S  must4)e  greater  than  tiiat  of  mQit;  and 
the  contrary  if  m  be  on  the  other  side  of  A. 

Ex.  On  December  80,  1743,  at  Oh.  S\  7"  mean  time,  M.  de  la  Caille  found 
tiie  sun's  longitude  to  be  y?  8^  29',  12\S\  and  on  June  SO,  1744,  at  Otu  3'  it 
^vas  ©  8^51'.  1",5;  the  interval  of  these  two  places  is  180°.  21'.  49*.  Now 
reckoning,  witli  M.  de  la  Caille,  the  annual  progressive  motion  of  the  apogee 
of  the  earth*s  orbit  to  be  l'.  3",  the  distance  of  the  apogee  from  the  perigee  is 
180^  0'.  Sl\5\  but  the  sun  had  described  180^  21'.  49%  which  exceeds  180^ 
O'.  Sl\5y  half  an  anomalistic  revolution,  by  21'.  17",5;  and  the  sun's  motion 
on  June  30,  being  57'.  12"  in  24  hours,  57'.  12"  :  21'.  17%5::24/i  :  8A.  56' 
tlie  time  of  describing  21'.  17%5,  which  subtracted  from  June  SO,  Oh.  3' 
gives  June  29,  1 5//.  7'  when  the  sun  was  in  ©  8^  29'.  43"  at  the  distance 
of  180°.  O'.  3r',5  from  the  place  where  it  was  on  December  30,  at  O/i.  3'.  7'; 
the  interval  of  these  two  times  is  182e/.  \5h.  3'.  53",  which  being  less  than 
182rf.  15//.  7'.  1',  half  the  time  of  an  anomalistic  revolution  (150),  by  3'.  8* 
(  =  rf),  the  sun  was  not  come  to  its  apogee  on  June  29,  15//.  7'.  Now  the 
sun's  motion  on  June  30,  was  57'.  12" in  a  day=:7w,  and  on  December  30,  61'. 
12"  =  7i;  hence  4'  :  57'.  12"::  3'.  8"  :  44'.  48",  which  added  to  June  29,  15*. 
7'  gives  June  29,  15//.  44'.  48"  when  the  sun  was  in  its  apogee,  at  which  time 
the  sun's  place  was  in  <5,  8^  31'.  21",  which  therefore  was  the  place  of  the 
-.ipogec. 

251.  To  find  the  exccntricity,  we  have  (231)  57°.  17'.  44",8  :  57'.  45^,5  (the 
half  of  1°.  55'.  3O\0  the  greatest  equation  according  to  M.  de  Lambre)  ::  1  : 
,01681  the  excentricity,  the  mean  distance  being  unity.  As  the  orbit  is  very 
nearly  a  circle,  the  correction  is  unnecessary. 

252.  The  above  method  of  finding  tiie  place  of  the  aphelion  from  the  greatest 
rqnrition  is  very  applicable  to  the  case  of  the  sun  and  moon,  but  it  cannot  be 
ii;>p!ied  with  the  same  success  to  the  planets,  because  Ihey  do  not  revolve  about 
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the  earth,  and  therefore  their  velocities  near  the  apwdes,  la  reqiect  to  the 
sun,  cannot  be  obtained  in  like  manner.  M.  Cassini  (EJem.  d^Astron.  pag. 
366.)  therefore  proposes  the  following  method.  Having  found  &e  greatest 
equation,  by  observing  the  angle  described  between  the  mean  distances  B  and 
D  through  the  aphelion  A^  observe  the  planet  at  r  near  to  Aj  and  the  angle  - 
BSr  will  be  the  true  angle  described  between  B  and  r  ;  then  from  the  time  of 
describing  this  angle  compute  the  mean  motion  ;  and  if  the  difference  between 
the  true  and  mean  motions  be  e^2^/ to  the  greatest  equation,  then  r  is  the 
aphelion ;  if  it  be  less^  the  planet  is  not  got  to  its  aphelion.  Make  liien  another 
observation  at  m,  and  if  die  difference  between  the  true  and  mean  motions 
be  now  greater  than  the  equation,  the  planet  is  got  beyond  A.  Hence  tty^  M 
the  sum  of  the  equations  at  r  and  m  :  the  equation  at  ry.  the  angle  rSm  :  the 
angle  rSA  the  distance  of  the  point  r  from  the  aphelion ;  for  (229)  when  the 
distance  from  the  aphelion  is  small,  the  equation  varies  very  nearly  as  the  true 
anomaly.  This  may  be  corrected,  if  necessary,  by  calculating,  from  the 
place  of  the  aphelion,  whether  the  foody  be  found  at  r  and  B  when  it  ought 
And  to  find  the  time  of  coming  to  the  aphelion,  say,  as  the  Mtm  4if  the  equations 
at  r  and  m  :  the  equation  at  r : :  time  of  describing  rm  :  time  of  describing  rA. 

Ex.  To  find  the  greatest  equation,  place  of  the  aphelion  and  excentricky  of 
the  orbit  of  Saturn.  Between  the  opposition  in  1636  and  1687  Saturn  had 
moved  through  12^  38'.  20",  and  its  mean  motion  in  that  interval  being  12^. 
39^.  34",  Saturn  was  then  very  near  its  mean  distance.  Now  Saturn  w^  in 
opporition  in 

•     • 

1686,  March  16,  lOh,  28'm     •         -      S\  26°.  47'.    ^ 
1701,  Septeniber  16,  8A.  in     •        •     tl.'2S.Sl.l6 

Interval  15y.  I86d,  I5h.  32'       •         •      5  .  26  .  34.  10 
MeaD  modon  in  this  inter\'al      >    -   •    6  .    9  .  36 .   0 


^■■"^■••i 


13.     1.50 


Greatest  equation  *        -        •        *        6  •  30. 55 


To  find  the  place  of  the  aphelion,  and  the  time  of  coming  to  it.    Saturn  was 
in  imposition  in 
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1686,  March  16,  lOA.  28' in     -      -    -    5*.  26^  47'.    6" 

1693,  June  9,  19A.  32'  in     -         -         •    8  •  19  •  54  .  41 

Interval  7y.  87rf.  9k.  4!       -         -         .      2  .  23  .    7  .  35 
Mean  motion  in  this  interval      -        -       2  •  28  .  29  .  27 

5.21.52 
Greatest  equation        -        -        -         -  6 .  30 .  35 

Equation  atr        -        -        •        -        -         1.9.3 

Hence,  Saturn  was  not  come  to  its  aphelion  in  opposition  1693.    ^cm  ^k» 
opposition*  happened  in 

* 

1686,  March  16,  lOA.  28' in       -         -      5\  26^  47'.    6" 

1694,  June  21,  19^.  30' in      -        -      -     9.    1.    6.40 

; ■-. — « 

Interval  8y.  99^.  lOA.        -        -         -        3  .    4 .  19  •  34 
Mean  motion  in  this  interval      •        *      3.11.6.51 


6. 
6. 

47. 
30. 

17 
55 

16. 

22 

Greatest  equation  •      ■      .  . 

Equation  &tm         -        *        -  ' 

Therefore  Saturn  had  passed  its  aphelion  in  opposition  1 694.  Hence^  l\  • 
9;  3" +  16'.  22"=  1^  25'.  25"  :  1^  9'.  3"::  ll^  12'  (the  angle  described  between 
the  oppositions  in  1693  and  1694)  :  9^  3'.  20",  which  added  to  S\  19^  54'.  41" 
gives  8'.  28^  5S'  for  the  place  of  the  aphelion.  And  to  find  the  time,  we  have 
l^  25'.  25"  :  1^  9'.  3"::37erf.  23A.  58'  (the  time  between  the  oppositions  in 
1693  and  1694)  :  305rf.  16A.  which  added  to  1693,  June  9,  19A.  32'  gives 
1694,  April  11,  11  A.  32'  the  time  when  Saturn  was  in  its  aphelion.  Dr. 
Hallet,  in  his  Tables,  makes  the  greatest  equation  6°.  32'.  4".  Cassini 
makes  it  6^  31'.  40".  M.  de  Lambee  makes  it  6*".  26'.  42"  in  1750,  and 
supposes  that  it  is  diminished  l",l  in  a  year,  according  to  the  determination  of 
M.  de  la  Place.  From  the  mean  of  six  excentricities,  determined  (231)  from 
the  greatest  equation,  Cassini  found  the  excentricity  to  be  ,56515,  the  mean 
distance  of  the  earth  from  the  sun  being  unity.  . 

253.  The  same  method  may  be  applied  to  find  the  greatest  equation,  place. 
of  the  aphelion  and  excentricity  of  Jupiter^s  orbit,  although  we  cannot  so  readily 
meet  with  observations  made  in  the  proper  places,  because  we  have  fewer  oppo^ 
sitions  of  Jupiter  in  one  revolution  than  of  Saturn.    The  following  however  are 
proper  for  our  purpose  (Elem.  d^Astron.  page  423.)    In  1723,  on  June  25^  at 

5 


PLACE  OP  THE  APHELIA  OP  THE  ORBITS  OP  THE  PLANETS.  '  131 

4A.  Jupiter  was  in  opposition  inyf  3^  21',  22%  near  its  meatl  distance ;  on  De- 
cember 22,  1.728,  at  Sh.  O'the  true  place  of  Jupiter  in  opposition  Was  e.l^  &'• 
if.  The  difference  of  these  places  is  5*.  27**.  46*.  40"i  and  thfe. mean' motion 
being  5\  16\  50'.  15",  the  difference  is  10°.  56'.  25",  the  half  of  which  is  5\  2»'. 
12",5  tlie  greatest  equation  from  these  observations.  On  September  5,  1725, 
at  14A.  44'  Jupiter  was  in  opposition  in  k  13"*.  18';  this  compared  with  the  op- 
position in  1723,  gives  2*.  9°.  56'.  38"  for  the  true  motion  of  Jupiter  in  the  in-  . 
terval ;  and  the  mean  motion  being  2*.  6^  47'.  24",  the  difference  is  3°.  9'.  14", 
which  subtiacted  from  5°.  28'.  12"  gives  2^  18'.  58"  the  equation  at  r.  On  Oc- 
tober 13,  1726,  at  6*.  Jupiter  was  inT20^  4'.  10"  in  opposition;  this  compared 
with  the  opposition  in  1723,  gives  3*.  16^  52'.  48"  for  tlie  true  motion  in  the 
interval;  and  the  mean  being  S\  10"*.  15".  39",  the  difference  is  6*".  37'.  9",  from 
which  subtract  5°.  28".  12"  and  the  remainder  is  1**.  8'.  57"  the  equation  at  w. 
Hence,  2^  18'.  58"  + 1^  8'.  57"  =  3^  27'.  53^'  :  l^  8'.  57"::36^  46'.  10"  (the 
angle  described  between  the  oppositions  in  1725  and  1726)  :  12^  15',  which 
subtracted  from  t  20"*.  4'.  10"  gives  «r  7**.  49'.  10"  the  place  of  the  perihelion. 
The  time  of  opposition  is  also  found  by  saying,  3^.  27'.  55"  :  1^  8"»  57"::  372rf. 
15h.  16'  (the  interval  of  the  oppositions  in  1725  and  1726)  ;  134rf.  Sh.  5",  which 
subtracted  from  the  opposition  in  1726  on  October  13,  at  6h.  gives  the  time  at 
which  Jupiter  was  in  its  perihelion  to  be  on  June  1,  Oh.  55'.  Also,  the  excen- 
tricity  is  found  to  be  0,04774,  the  mean  distance  of  Jupiter  from  the  sun  being 
Unity.  It  must  be  here  observed,  that  the  accuracy  of  this  method  depends 
upon  the  proximity  of  r  and  m  to  the  aphelion  or  perihelion.  Cassini,  in  his 
Tables,  makes  the  greatest  equation  5^.  31'.  17".  Dr.  Hallet  makes  it  5^.  31-'. 
36".  M.  de  Lambre  finds  it  to  be  5"".  30'.  37",7  in  1750,  and  to  increase  55",36 
in  100  years. 

As  in  the  ancient  observations  of  Mars  mentioned  by  Ptolemy,  there  are 
only  three  which  were  inadein  opposition,  and  as  they  are  not  in  proper  places' 
for  the  application  of  the  last  metliod,  we  shall  give  another  Rule  to  determine 
the  greatest  equation,  the  place  of  the  aphehon  and  the  excentricily,  from  any 
three  heUocentric  places  of  a  planet,  and  its  mean  motion.  This  is  resolved  in 
the  following  manner,  first  upon  the  supposition  of  the  simple  eUipUc  hypothesis 
(227),  and  then  correcting  it. 

254.  Let  5  be  the  sun,  5,  C,  D  three  places  of  the  planet  observed  in  oppo-  fig. 
sition,  F  the  other  focus,  A  the  aphelion,  Q  the  perihelion ;  with  the  center  F  54. 
and  radius  FM  equal  to  the  major  axis  describe  a  circle,  and  produce  FBj  FCj 
FD  to  the  circumference,  and  join  SGf  SHj  SE.  Now  the  angles  JB5C,  CSD 
are  known  from  observation }  also,  upon  supposition  of  the  simple  elliptic  hypo* 
tfiesisj  equal  angles  are  described  about  F  in  equal  times  ;  therefore  the  angles 
BFCj  CFD  aie  known,  by  taking  them  to  four  right  angles  as  the  iuter\'als  o£ 
time  between  the  first  and  second^  second  and  third  observations,  to  the  periodic- 
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tiiiie#  Now  as  FO^FB  +  BS^  therefore  SB:=:BO;  for  the  same  reftsoit  S€fi^ 
Cff  and  SD^DE.  Hence,  2FQS ^ FBS - BFA ^ SSA  ;  also,  2FHS:iiFCS 
^CFA'-CSA;  therefore  iFGS+2FHSi:zBFC^BSC;  hence,  FGS^FHS 
is  kftown  i  but  i^5=:  BF^f  -  05'^,  and  FHS-CFA  - -ffi'^  ;  therefore  FQS 
^FHS:=:BFC'^GSHj  whence  GSH  is  known.  For  the  same  reason  HSE  is 
known.  Hence,  the  angles  GSH^  HSE,  GSE,  and  BFC,  CFD,  BFD  are 
known#  Produce  ES  to  X,  and  join  HL,  HG,  GLj  and  assume  SH  of  any 
value  in  order  to  get  the  relative  values  of  the  other  parts  of  the  figure.  Then 
in  the  triangle  SHL^  we  know  SH,  the  angle  HSL  (which  is  the  supplement 
of  HSE  J  and  the  angle  HLS  (which  is  half  the  angle  HFEJ ;  hence  we  knov^ 
8L;  therefore  in  the  triangle  SLG,  we  know  SL,  the  angle  L8G  (which  is  the 
supplement  of  GSEJ  and  tlie  angle  8LG  (the  half  of  EFGJ ;  hence  we  know 
SG ;  therefore  in  the  trian^e  GSH,  we  know  GS,  SH  and  the  angle  GSH; 
hence  we  know  HG  and  the  angle  SHG ;  therefore  in  the  isosceles  triangle 
HFG,  we  know  HG  and  the  angle  HFG;  hence  we  know  JP!flr=:3^+C»  the 
major  axis,  and  the  angle  GHF,  which  taken  from  the  angle  SHG  leaves  the 
angle  SHFv^hich  is  therefore  known;  therefore  in  the  triai^le  SHF,  we  know 
SH,  HF  and  the  angle  SHF,  from  whence  we  know  SF  twice  the  excentricify, 
and  the  angle  HSF,  from  which  take  the  angle  ITSC  (which = 5ifP^  and  we 
get  the  angle  CSA,  the  distance  of  the  aphelion  A  from  the  observation  at  C 

2SB.  This  method,  being  the  sin^k  eUsptic  hypofficsis,  supposes  that  the  an- 
gles described  about  F  are  proportional  to  the  times,  which  will  be  sufficiently 
accurate  for  orbits  whose  excentricity  is  small,  as  that  of  the  earth  and  Venus; 
for  the  orbits  of  the  other  planets  it  may  be  thus  corrected. 

256«  Having  determined,  from  Ae  three  observed  places  #^  n,  r,  of  the  pla^ 
.  net,  the  place  of  the  aphelion  and  the  excentricity  from  the  simple  eBipUe  hypo^ 
l/teiis,  with  the  distances  a,  b,  c,  of  the  planet  from  the  aphelion  so  found,  calcu- 
late (23S)  the  equation  upon  the  true  or  Kepler's  hypothesis,  and  you  will  get 
the  mean  anomalies  d,  B,  d  upon  the  true  hypothesis.  Then  with  these  mean 
anomalies  a ,  h,  c,  find  the  true  anomalies  a",  b",  c%  upon  the  simple  el%>tic 
hypothesis,  and  the  difierence  between  a  and  ^',  b  and  b",  c^and  c"  shows  like 
difference  of  the  places  upon  the  two  hypotheses.  To  the  {dace  of  the  ajrfielion 
first  found  add  the  distances  a",  b",  c",  and  you  get  the  places  of  flie  (danet  in 
the  simple  elliptic  hypothesis  answering  to  the  true  place  upon  Kepler's  hypo- 
thesis. Then  with  these '  three  places  compute,  as  at  first,  the  place  of  the 
aphelion  and  excentricity  upon  the  simple  elliptic  hypothesis,  and  you  will  have 
t)i9  distances  A,  B,  C,  from  the  aphelion  upon  the  simple  elliptic  hypothesis,  to 
these  apply  the  differences  of  die  two  hypotheses  before  found,  addUng  or  snb^ 
tracting  them  according  as  the  simple  elliptic  hypothesis  gave  the  place  less  or 
greater  than  Kxpler's  hypothesis^  and  you  will  have  the  distances  from  the 
aphelion  upon  the  true  or  Kepler's  hypothesis }  subtract  these  firom  the  cor- 
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reqf)oiidtng  places  m,  n^  r  of  the  planet  observed,  and  you  wiQ  have  the  ]rface 
of  the  apheKon  once  corrected,  and  also  the  excentridty.  In  like  manner  the 
correction  may  be  made  as  often  as  may  be  found  necessary.  Ekm.  d'Astron^ 
page  184. 

In  1694  on  January  17,  at  4A.  20'.  Mr.  Flamstead  observed  the  place  of 
Mars  to  be  in  ®  28^  12';  in  1698  on  March  26,  at  17A.  55'  in  ^  7^.  4'.  18", 
and  in  1702  on  July  8,  at  12A,  58'  in  yf  16^  lO'.  23".  These  observations  re- 
duced  (268)  to  the  orbit  of  Mars  give  the  three  places  in  e  28"^.  12'«  34",  £k  7^ 
3'.  26",  and  \sf  16^  11'.  9".  Hence,  by  Kepler's- hypotliesis,  the  place  of  the 
oi^elion  is  found  to  be  in  fin  0^  39'.  2"  with  tlie  excentricity  ,09292,  the  semi- 
axis  major  being  unity }  and  the  greatest  equation  lO"".  39'.  29".  Elem.  d^As^ 
iron,  page  474* 

The  same  method  may  be  applied  to  Venus  from  the  conjunctions  observed 
in  the  years  1715,  1716  and  1718  ;  from  which  it  appears,  that  the  places  of 
Venus  seen  from  the  sun  upon  the  ecliptic  were  in  1715  on  January  26,  at  8^. 
84'.  mean  time,  in  st  6°.  22'.  58"  j  in  1716  on  August  28,  at  16A.  86'.  42"  in  x 
5^  49'.  2'';  andin  1718  on  April  8,  at  lOA.  15'.  11''.  in  a  l8^  42'.  13";  which 
places  reduced  to  the  orbit  of  Venus  will  be  a  6*".  25'.  52",  x  5®.  49'.  53"  and 
^18^.  39^.  24".     Hence,  by  the  simple  elliptic  hypothesis,  the  true  place  of 
the  aphelion  in  1716  is  found  to  be  ;ar  6^  50';  the  greatest  equation  49^.  8"; 
and  the  excentricity  0,00715;   As  the  orbit  of  Venus  differs  but  very  little  from 
a  circle,  there  is  no  occasion  for  any  correction.     Elem.  d^Astron.  page  562* 
Cabsini,  in  his  Tables,  makes  the  greatest  equation  49'.  6".   Dr.  Hajlley  makes 
it  46'.     M.  de  la  Lande  makes  it  47".  20". 

Upon  the  same  principle  we  may  deduce  the  place  of  the  aphelion,  excentri* 
city  and  equation  of  the  orbit  of  Mercury;  but  as  the  proper  observations  for 
this  purpose  happen  at  a  conaderable  distance  of  time  from  each  other,  it  will 
be  proper  to  aUow  foi*  the  motion  of  tiie  aphelion  in  the  intervals,  which  Cas^ 
snii  assixnes  (from  idiat  be  was  best  able  to  collect  from  the  observations  be- 
fore made)  at  l^  20^  in  a  year,  by  which  means  the  motion  is  reduced  to  the 
orbit  as  immoveaUe.     In  1661  on  May  3,  at  4A.  48'.  28"  mean  time,  the  true 
place  of  Mercury  was  found  to  be  in  nt  1 3^  33'.  27''  in  respect  to  the  ecliptic, 
and  13^  33'.  l&  on  its  orbit.     In  1690  on  November  9,  at  IsA.  6'.  it  was  in 
8  18°.  20'.  46"  in  respect  to  the  ecliptic,  and  IS"".  22'.  28^^  on  its  orbit.  In  1697 
on  November  2,  at  17*.  42^  it  was  in  8  1 1^  33'.  Sd^  in  respect  to  the  ecliptic, 
and  21^  32'.  30"  on  its  orbit.     Now  between  the  two  first  observations  the  mo- 
tion of  the  aphelion  was,  by  supposition,  39'.  20'';  and  between  the  first  and 
last  it  was  48'«  40^';  these  subtracted  from  the  second  and  third  observations 
^▼e  the  places  in  the  orbit  8  1 7^  43^.  8"  and  8  lO^  43'.  SOC  in  respect  to  the  first 
observation,  the  orbit  being  supposed  at  rest     Hence,  by  sifotracting  tvt  1 3^. 
33'.  10"  from  K  \T*  48',  8%  we  have  6*.  4^  9'.  **"  for  the  sum  of  the  two  true 
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anomalies  of  Mercury  between  tlie  first  and  second  observations,  the  aphelion 
lying  between  the  two  observed  places;  and  by  subtracting  8  10^  43'.  5(f  fix>iii 
8  17^  43'*  8',  we  have  6^  .^9'.  18'  for  the  difference  of  the  true  anomalies  be- 
tween the  second  and  third  observations.  Also,  if  we  subtract  39^.  20*  from  6V 
26^.  20'.  35^  the  mean  motion  between  the  two  first  observations,  and  48'.  40* 
fmm  6'.  21^.  51'.  7'  the  mean  motion  between  the.  first  and  third  observations 
we  shall  have  6*.  25^  41'.  15'  and  6*.  21^  2'.  27"  for  the  sum  of  the  mean  ano^ 
malies  in  these  intervals ;  hence,  4°.  38'.  48''  is  the  mean  anomaly  corresponding 
to  the  two  last  observations,  ^answering  to  6"*.  59'.  18"  of  true  anomaly.  Hence 
from  the  simple  elliptic  hypothesis,  the  aphelion  of  Mercury  at  the  second  obser* 
vation  is  found  to  be  in  *  10*".  51'.  50^',  excentricity  0,21574,  the  mean  distance 
being  unity ;  and  the  greatest  equation  24"*.  55'w  4".  This  corrected  several 
times  gives  the  true  place  of  the  apheUon  on  November  9,  1690  in  1 12®.  22*.  25* 
tlie  excentricity  0,20878  and  the  greatest  equation  24^  3'.  Cas^ini,  in  his 
Tables,  makes  it  24"".  2'.  58'.  Dr.  Hallby  makes  it  23"".  42'.  Sff.  M.  de  la 
Lande  makes,  it  23**.  40'. 

257.  Besides  these  methods  of  determining  the  position  and  excentricity  of 
the  planetary  orbits,  we  shall  explain  another  method,  which  may  be  sometimes 
very  successfully  used,  and  is  moreover  strictly  geometricaL  By  Art  217,  we 
may  find  the  distance  of  a  planet  from  the  sun  in  any  point  of  its  orbit.  The 
Problem  therefore  is,  given  in  length  and  position  three  lines  drawn  from  the 
focus  of  an  ellipse,  to  determine  the  ellipse. 
FIG.  258.  .Let  SB^  SCy  SDhe  the  three  lines ;  produce  CB,  CD,  and  take  SB  : 
55.      SC:\  EB  :  EC,    and    SC  :  SD  ::  CF  :  DFy  then  SC-^SB  :  SC::  BC  :  EcL 

^^,  and  SC-^SD  :  SC::  DC  :  CF='^^.    Join  FE,  and  draw  DK, 

CIj  BH  perpendicular  to  it  Now  by  similar  triangles,  IC :  HB::  EC  :  EB :: 
(by  con.)  SC  :  SB;  also,  IC  :  KD::  CF  :  DF::  SC  :  SD.  Hence,  the  proporw 
tion  of /C,  HBj  KD  is  the  same  as  A'C,  SB,  iSD,  consequently  JSP  is  the  di- 
rectrix of  tlie  ellipse  passing  through  JB,  C,  D.    Through  S  draw  ASQO  per- 
pendicular to  FE;  take  GA  :  AS::CI :  CS,  and  GQ  :  SQiiCI :  CJ;  then 

C/+C5':C5::G5:5Q=^-^|;  also,  ^5^=  ^^,  and  ^,  Q  wifl  be  the 

vertices  of  the  conic  section. 

259.  Calculation.  In  the  triangles  SBC^  SCD  we  know  two  sides  and  the 
included  angles,  tliey  being  the  distances  of  the  observed  places  upon  the  dibit;* 
hence  we  can  find  BC,  CD  and  the  angles  BCS^  SCD,  and  consequently  BCD*' 
Hence  (258)  we  know  CE  and  CF,  and  the  angle  EGF  being  also  known,  the 
angle  CEF  can  be  fouml.  Therefore  in  the  right  angled  triangle  CIE,  CE  and 
the  angle  E  are  given  ;  hence,  CI  is  known.  Join  SI;  then  in  the  triangle 
SIC  we  know  CI,  CS  and  the  angle  AC/  (  zzECI^BCSJ  ;  hence  we  know  SI 


PLACS  OF  THE  AFRELIA  GV  THE  ORBITS  OF  THE  PLAWETS^  1 35 

and  the  angles  CIJS^  CSI^  and  therefore  the  angle  SIG  is  known ;  hence,  in  the 
right  angled  triangle  iS/G,  we  know  SI  and  the  angle  SIGj  from  whence  SG  is 
found. ,  Hence  (258).  we  know  SAj  SQ^  half  the  difference  of  which  is  the  ex- 
centricity,  and  their  sum  =  AQ.  Lastly,  in  the  triangle  BSO  (O  being  the  other 
focus)  we  know  all  the  sides,  to  find  the  angle  BSA^  the  distance  of  the  aphe<* 
lion  frpm  the  observed  place  B. 

In,  the  year  1.740  on  July  17,  August  26,  September  6,  M,  de  la  Caille 
&und.thi;ee  distances  of  Mercury  (the  mean  distance  being  lOOOO)  as  follows  ; 
iy^.=  10S51,5,jSC:;i  11325,5,  52)  =  9672,166,  the  angle  B.SC  =  S\  27^  O'.  35* 

and  C52)= 44^  40'.  4".    Hence,  BC5=29^  5g.  5",  JBC=  18941,  5CZ)=56% 

♦9;  CZ)=:8124,5,  JBC-F=86^  44.  5',  CJS  =  215004,  02^=55647,  CJSP=14^ 
41'.  44%  C/=54543,  C*S/=124^  47'.  45',  C/-S=9^  49'.  4",  57=47281,  SIG 
=:80^  10',  56",  5G=:46589,  5P  =  8010,5,  5^4  =  12209,  50  =  4198,5;  hence, 

the  e^ccentricity  =  2099,75,  BSA-ll''.  37'.  23'  or  2*.  ll^  37'.  23"  which  added 
to  6*.  2%  13'.  51',  the  position  of  iSiJ,  gives  8*.  13^  51'.  14"  for  the  place  of  the 
aphelion.     Hence,  the  greatest  equation  is  24^.  3'.  5".  ' 

.  260.  Or  from  tliei  same  data  the  place  of  the  aphelion  and  excentricity 
may  be  thus  found,  Put  the  semi-axis  major  :t:l,  iS'JB=fl,  *S'i)=ft,  5C=c, 
th^  angle  BSD  =  Vj  BSC=u^  BSQ=iX^  OS=e,  half  the  parameter  =  r. 

Then  (see  my  Conic  Sect.  Ellipse,  Propos.    16.)  a= ^ 


e    COS.   x^ 


r  r 


c=r— *==  /  hence,  rzza  +  ae.  cos.  a:=zb  +  b€^  cos.  v-^-j:^ 


1  +e.  cos,  v-t^^       1  +e.  cos.  w  +  o? 
=5C  +  ce.  cos.  tt  +  ^;  therefore 


a.cos.ar— ft.cos.  »+^  a.  cos.  .r—c.  cos.  w  +  o? 

now  for  COS.  v + a?  and  cos.  HThlc  tobstitute  cos.  v.  cos.  a: — sin.  r.  sin.  iT  and 
COS.  2^.  COS.  a; — sin.  2^.  sin.  x  (Trig.  Art.  102)  and  we  shall  haye 

^ b^a ' c— fl ^ 

tu  cos.^* — b,  COS.  V.  COS.  J?  -f  ft.  sm.  v  sin.  or    a*  cos.  j* — r.  cos.  u.  cos.  .r  +  c.  sin.w  sin.-r' 

divide  each  denominator  by  cos.  a?,  and  we  have — , = 

fl  —  *.  cos;  v  +  b.  sm.  v.  tan.  a? 


>fii>nrp  ffin  .r-  *'^  -^'  COS.  t;-C.  /^--fl.  COS.I^-g.C-  6 


a^c.  COS.  tt  +  c.  sm.  u  tan.  ^  j^^_^^  sin.  t;- cF^^.  sin. u 

which  gives  the  place  of  the  perihelion.  Hence,  we  know  e= 


c— « 


flr.cos..r.r—  c.cos.2^  -f  a? 

the  excentricity;  consequently  1  ^e  and  1  +e  the  perihelion  and  aphelion  dis- 
tances are  known.  This  Theorem  was  first  given  by  E.  Pbospeein,  Astron^ 
Observaiore  reg.  in  the  Nova  Acta  reg.  soc.  scien.  UpsaUensiSy  Vol  III.  Mr^ 
Robinson  afterwards  demonstrated  it  by  another  method  in  the  Edin.  Trans.. 
1788,  not  knowing  that  it  had  been  published  before.    The  Species  of  the 
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^eltipse  being  thus  determined,  its  major  axis  may  be  thus  found.  Cmputt^ 
the  mean  anomaly  corre^>onding  to  the  an^e  C&Bj  then  say,  as  that  mean 
anomaly  :  560° : :  the  time  of  describing  tlie  angle  CSB  :  the  periodic  tine. 
The  periodic  time  being  known,  the  major  axis  is  found  (218)  by  Kbplgs's 
llule. 

26 1 .  Having  explained  the  diffei^ent  methods  of  finding  the  place  of  &e 
aphelion,  excentricity  and  greatest  equation ;  it  will  be  proper  to  explain  the 
methods  o{  examining  at  any  time  these  elements  in  order  to  apply  such  COfw 
rections  as  may  be  found  necessary.  M.  de  la  Lands  proposes  to  examine  the 
piace  of  the  a{rfielion  by  two  observations,  one  near  the  aphelion  and  the  other 
near  the  mean  distance,  supposing  the  equation  of  the  center  to  be  knowiu 
Calculate  for  each  observation  the  equation  of  the  center  £rom  the  supposed 
place  of  the  aphelioD,  and  take  the  differefwe  of  the  equations,  if  tfie  two  obfer* 
Vations  be  on  the  same  side  of  the  aphelion,  but  the  sum  if  on  if j^Snmf  sides; 
and  the  difference  or  sum  of  tlie  equations  will  sliow  how  much  the  true  motioii 
diflfers  from  the  mean,  the  mean  being  known  from  the  known  interval  of  the  oh^ 
servations.  Hence^  if  the  difference  caJadated  agree  with  the  diffiBienoe  ob** 
served,  the  place  irf*the  i^helion  was  rightly  assumed;  but  if  the  true  motion  by 
calculation,  difier  more  from  the  mean  motion  than  the  true  motion  fay  ebser- 
nation  does,  the  place  of  the  aphelion  was  too  near  to  or  too  &r  from  the  obsem 
vatlon  made  near  the  mean  distance.  Assume  therefore  another  place  for  the 
aphelion,  as  you  may  judge  proper  from  the  circumstances,  and  trying  again, 
you  will  soon  find  the  true  place.  For  at  the  mean  distance,  the  equation  being 
a  maximum  it  alters  there  but  a  very  little  for  some  time ;  therefi>re  the  whole 
difference  arises  principally  from  the  equation  at  the  observation  near  the 
aphelion ;  consequently  the  alteration  of  the  place  of  the  aphelion  will  destroy 
that  difference.  y 

262.  M.  de  la  Lande  proposes  another  method  of  examining  the  place  of 
file  aphelion  of  the  orbits  of  Venus  and  Mercury j  by  means  of  their  greatest  doo^ 
JIG.  gations  when  at  their  mean  distances.  Let  E  be  the  earth,  F  the  place  of  the 
56.  greatest  elongation  and  A  the  aphelion  according  to  the  Tables  to  be  examined; 
a  the  true  place  (^the  aphelion.  Now  the  planet  being  near  its  mean  distance, 
its  computed  heliocentric  longitude  will  not  be  sen^Uy  altered  by  a  small  aU 
teration  of  the  aphelion,  but  its  distance  from  the  sun  will  be  most  altered^-  we 
may  therefore  suppose  the  observed  jrface  to^be  at  v;  hence  the  difference  (d) 
of  the  observed  and  computed  longitudes  is  the  angle  VEv.  For  any  assumed 
alteration  ASa  (m)  ^  the  aphelion  compute  the  variation  Vv  of  the  distance) 
and  thence  find  the  corresponding  angle  VEv  (»),  and  we  liave  n  :  d::m  :  the 
alteration  of  the  aphelion  from  the  place  A  in  the  Tables  in  order  to  make  the 
observed  and  computed  places  agree.  The  aphelion  is  too  backward  by  the  afu 
^e  ASdy  when  the  perihelion  is  in  inferior  conjunction  and  the  computed  Ion- 
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gitude  is  less  than  the  observed,  or  when  the  aphelion  is  in  inferior  conjunc- 
tion and  the  computed  longitude  is  greater  than  the  observed.  In  all  other 
cases  the  aphelion  is  too  forward. 

On  May  24,  1764,  at  Sh.  7'.  50"  true  time,  M.  de  la  Lande  observed  the 
greatest  elongation  of  Mercury  at  Vj  at  about  9*.  8**  of  anomaly  in  going  from  supe- 
rior to  inferior  conjunction,  to  be  22^  51'.  12",  and  its  longitude  to  be  2*.  26*. 
50'.  35".  Now  by  Dr.  Halley's  Tables,  its  longitude  at  V  computed  at  that 
time  was  2*.  26^  51'.  49",  which  was  l';  14"  greater  than  that  observed.  But 
in  the  orbit  of  Mercury,  an  angle  ASa  of  1^  answers  to  an  angle  VEv  of  very 
nearly  5';  hence,  to  find  the  angle  -4/5^  corresponding  to  FjEt;=  l'.  14",  say,  5'  : 
1°::  1'.  14"  :  14'.  48"  the  angle  ASa;  therefore  the  place  of  the  apheUon  in 
Dr.  Halle Y*s  Tables  was  14'.  48'  too  backward,  and  the  place  thus  corrected 
is  found  to  agree  with  observation. 

263.  We  have  now  fully  explained  the  different  methods  of  finding  the  place 
of  the  aphelion,  excentricity  and  greatest  equation ;  but  as  it  may  appear,  by 
comparing  the  computations  with  observations  that  the  elements  may  not  be  ac- 
curate, M.  de  la  Caille  has  given  the  following  method  of  correcting  them, 
which  will  be  best  understood  by  an  Example;  we  shall  therefore  give  that  pub- 
lished by  himself  in  the  Histoire  de  FAcadhnie  Roy  ale  des  Sciences  for  the  year 
1750,  upon  the  elements  of  the  theory  of  the  sun.  Let  -4/03/ be  the  earth's  pjo. 
orbit,  S  the  sun,  3f,  /,  0*  three  places  of  the  earth  observed  on  March  29,  57. 
July  6,  and  October  3,  in  the  year  1749;  A  the  aphelion,  supposed  to  be  in  3*. 
8^  38'.  51"  on  January  1,  1749,  and  its  annual  motion  l'.  3".  The  sun's 
mean  longitude  at  the  same  time  was  supposed  to  be  9*.  10°.  15'.  6\  By 
observation,  M.  de  la  Caille  found  the  angle  /5Af=95°.  27'.  7",  ISOzz 
8^.  58'.  34",  these  being  the  difierences  of  the  three  true  anomaUes ;  and  the 
corresponding  mean  anomalies  were  97^  34'.  26",  and  87**.  42'.  26".  Now  we 
first  make  two  suppositions  for  the  excentricity,  and  assume  two  true  anomalies 
for  the  point  M,  and  from  thence  calculate  tlie  angle  ISM  and  compare  it 
with  the  observation. 

*  Two  of  the  observations  ought  to  be  near  the  mean  distance,  and  one  near  the  apsides,  or  two 
near  the  aphelion  and  one  near  the  mean  dbtance,  as .  such  observations  will  add  to  the  accuracy  of 
the  conclusion.  Two  observations  near  the  apsides  will  best  determine  the  place  of  the  aphelion, 
and  two  near  the  mean  distance  will  give  most  accurately  the  equation.  The  observations  may  be 
made  at  any  intervals  of  time,  provided  we  know  the  motion  of  the  aphelion,  so  as  to  be  able  to 
reduce  the  observations  to  what  they  would  have  been  if  the  orbit  had  been  fixed.  The  longitudes 
should  also  be  reduced  (268)  to  the  orbit  of  the  planet.  The  time  of  the  planet's  revolution  is  also 
supposed  to  be  known,  in  order  to  find  (239)  its  mean  motion. 
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Excentricity  supposed 

First  assumed  true  anomaly  of  M 
Hence,  the  true  anomaly  of  / 
Mean  anomaly  of  M  by  calculation 
Mean  anomaly  of  /  by  calculation 
Sum  of  the  two  mean  anomalies  ex  hyp. 
Sum  of  the  two  mean  anomaliesfromc^a. 
Difference,  or  error  of  the  hypothesis 

Second  assumed  true  anomaly  of  M 
Hence,  the  true  anomaly  of  7 
Mean  anomaly  of  M  by  calculation 
Mean  anomaly  of  I  by  calculation 
Sum  of  the  two  mean  anomalies  ex  hyp. 
Sum  of  the  two  mean  anomalies  from  obs. 
IHffiH'ence,  or  error  of  the  hypothesis 


Firvt  Hypo^iis 


Second  Hypothec 

0,01685 


89.  40.    0^0 
5.  47.    7 

91.  35.  50,9 
5  •  58.  56,  6 

97.  34.  47,5 

97 .  34.  26 
-    21,5 


Hence  we  have  the  following  proportion  for  each  hypothesis;  As  the  sum  of 
Me  errors  (or  difference  when  they  have  tlic  same  sign)  :  the  least  error:: the 
difference  of  the  two  true  anomalies^  suppose  in  M,  :  the  quantity  to  be  applied  to 
the  assumed  anomaly  in  Mj  answering  to  the  least  error  ;  this  quantity  is  to  be 
added  or  subtracted  according  as  the  sign  of  the  error  was  —  or  + .  Widi 
the  assumed  anomaly  in  M  thus  corrected,  and  the  same  excentricity,  we  pro« 
ceed  as  before ; 


Corrected  anomaly  of  M       - 
Hence,  the  anomaly  of  7     • 
Mean  anomaly  of  M  by  calculation    -     • 
Mean  anomaly  of  7  by  calculation     -    - 
Sum  of  the  two  mean  anomalies  ex  hyp. 
Sum  of  the  two  mean  anomalies  from  ods. 
Difference,  or  error  of  the  hypothesis     - 


First  Hypoifiesis 

89^  41'.  46',0 

5  .  45 .  28, 

91  .  37 .  19,7 

5^  ST.     6,3 

97  .   34 .  26, 

97  .   34 .  26, 

0.0.0 


Second  Hypothesis' 
89^  50\   26",7 

5  .  36  .  43, 

91  .  46  .   14,9 

5  .  48  .   1 1,3 

97  .  34.  26,1 

26 

0,1 


97  .  34 


We  have  therefore  two  suppositions  of  the  excentricity  which  answer  to  the 
two  observations  in  M  and  7.  We  must  therefore  next  see  how  these  hypo* 
theses  will  agree  with  the  observations  in  7  and  O.  Assuming  therefore  the 
anomalies  in  7  as  above,  we  proceed  thus  : 
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The  soean  anomaly  of/  W9^  fowpd    -    - 
Mean  anomaly  answering  to  the  ang;le  ISO 
Hence,  the  mean  anomaly  of  O  is    - 
True  anomaly  of/ 
The  angle  ISO  by  observation 
Hence,  the  true  anomaly  atO    ' 
Hence^  the  mean  anomaly  of  O  ft om  obs. 
E^rence  from  that  which  we  want  to  find  | 


:  First  Hypothesis 

5\  ST.    e\8 

87  .  42 
98  .  39 
5  •  45 
85  •  58 
91  .  43 
93  .  39 


26 
32,3 
22,0 
34 
56 
24,5 
7.8 


Second  Hypothesis 

5^.  48'.   11",2 

87  .  42  .  26 

.  30 

.  36 


93 

5 
85 
91 
93 


58 
35 
31 

+ 


37,2 
43,0 
34 
17 
2,6 
25,4 


Hence,  we  have  the  following  proportion ;  As  the  sum  of  the  errors  (or  diffe- 
rence when  Hiey  have  Ae  same  sign  J  :  the  least  error  (which  here  belongs  to  the 
first  hypothesis) : :  the  difference  between  the  two  supposed  eaicentricilies  :  the 
quantity  to  be  applied  to  the  Jirst  excentricity ;  hence,  33",2  :  7",8 ::  0,00004  : 
0,0000094 ;  now  one  excentricity  giving  a  result — ,  and  the  other  + ,  the  true 
excentricity  must  be  between  them;  hence,  &,01681  4-0,0000094=0,0168194 
the  excentricity. 

Again,  As  the  sum  qfthe  same  errors  :  the  least  error : :  the  d^rence  of  the  two 
true  anomaUeSy  suppose  in  M^  :  the  qiumiily  to  be  applied  to  the  true  anomaly  in  M 
answering  to  the  least  difference  ;  hence,  33",2- :  7",® : :  8'.  39-" : :  2'.  2",  which 
added  to  89°.  41'.  46"  gives  89^  43'.  48''  the  true  anomaly  of  M.  But  the 
observed  place  of  M  was  8°.  55\  21"  of  longitude ;  hence,  the  place  of  the 
aphelion  on  March  29,  was  3*.  8^  39'.  9".  And  if  we  allow  15"  for  the  motion 
of  the  apogee  ia  respect  to  the.equinoctial  points  from  January  1 ,  we  shall  have 
the  true  place  of  the  sim's  apogee  en  January  1,  17^9^  to  be  3'.  8^  38'.  54". 
From  the  mean  of  several  observations,  M.  de  la  Catlle  found  the  apogee  at 
that  time  to  be  3'.  8^  39'.  40",  and  the  excentricity  0,0168293. 

264.  All  the  epochs  in  our  Astronomical  Tables  are  reckoned  from. noon  on 
December  31,  in  the  common  years,  and  .from  January  1,  in  the  bissexljles. 
Hence,  to  find  the  epoch  of  the  mean  longitude,  from  the  place  of  the  aphelion 
and  the  true  longitude  of  the  planet  at  the  time,  you  have  the  distance  of  the 
planet  from  the  aphelion,  or  the  true  anomaly,  from  which  find  the  mean  ano- 
maly and  add  it  to  the  place  of  the  aphelion,  and  you  have  the  mean  longitude 
at  that  time.  Then  take  the  interval  from  that  time  to  that  of  the  epoch,  and 
find  the  mean  motion  corresponding,  and  add  it  to  the  mean  longitude,  and 
you  have  the  mean  longitude  at  the  epoch.  If  you  know  the  time  when  the 
planet  passes  the  aphelion,  you  have  then  only  to  add  to  the  place  of  the  aphe- 
lion the  mean  motion  from  that  time  to  the  time  of  the  epoch,  because  at  the 
aphelion  the  true  and  mean  longitudes  are  the  same. 

Ex.  On  June  29,  1744,,  at  15 A.  57'.  46"  the  sun  was  found  in  its  aphelion 
in  3*.  8°.   31'.  SS".    From  that  time  to  the  last  day  of  December  at  noon  is 
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EXCENTRICITY  OF  THE  ORBITS, 
The  mean  distance  of  the  Earth  from  the  Sun  being  1 


•  f  •  •  • 


Planets 

M.   Cassini 

Dr.  Hallet 

M.  de  la  Tmnde 

Mercury 

8092,5 

7970 

7955,4 

Venus 

517 

504,985 

498 

Earth 

1690 

1691,9 

1681,395 

Mars 

14155 

14170 

14183,7 

Jupiter 

25060 

25078,6 

25013,3 

Saturn 

54320 

54381,4 

53640,42 

Georgian 

•        «        * 

•        •        • 

90804 
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1740, 

1719, 

1750, 

Planets 

M.    Cassini 

Dr.  Halley 

M.  de  la  Lande 

Mercury 

24^     2'.  58" 

23°.  42'.  36" 

23^  40'.     O" 

Venus 

0.     49.     6 

0.    48.      0 

0.    47.     20 

Earth 

1.    55.  51 

1.     56.    20 

1.   55.    36,5 

Mars 

10.     39.   19     i 

10.     40.      2 

10.   40.     40 

Jupiter 

5.     31.   17 

5.     31.   36 

5.    30.    38,3 

Saturn 

6.     31.  40 

6.     32.     4 

6.    26.    42 

Georgian 

*        •     « 

#       •       * 

5.    27.     16 

The  place  of  the  aphelion  of  the  Georgian  Planet  in  1788,  was  11*.  16^.  19'. 
30',  and  mean  longitude  3'.  14''.  49'.  14",  according  to  M.  de  la  Land£. 
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265.  The  greatest  equations,  and  consequently  the  excentricities  of  the  orbits, 
are  subject  to  a  v^riatien,  arising  from  the  mutual  attractions  of  the  planets. 
M.  de  la  Q^an^e,  in  tjie  Berlin  Acts  for  178;?,  has  c^culated  the  variation 
of  the  greatest  equations  for  each,^  from  the  attraction  of  the  otliers,  and  has 
found  it  fbr  IQp  yeara  ta  Ipe  as  i^  t^i^  fq]^ow<ng  T»ble^ 


By  M^feury 

—  Venus 

—  Earth 

—  Mars 

—  Jupitep 

—  Saturn 


Whole  Change  4- «>  16 


Mercury 


ft  ft    % 

-h  3",04 

-1,  26 
+  0,02 


Venus 


•    •   • 

-  9,  Oi» 

-  0,  64 
■  «,  16 

-  0,  14 


T 


-  24,  9ft 


Earth 


-   0,80 

-k    4,  18 
ft   t   ft 

^  4,  94 
-16,  0& 
-^   0,08 


^17,66 


Mars 


+    0",22 
4-    O,  22 

+    »,  66 

«   •   # 

+  »1,  6» 
+    1,  SO 


+  37,  08 


Jupiter 


«    ft 
*    • 

ft    * 


-   0  ,02 
ft     ft    ft 

+  56,28 


+  5^,  2& 


Sajtum 


•III       ■ 

•  ft  • 

*  ft  ft 

ft  ft  ft 

HI       ft  ft 

- 1'.  50^6 

ft      *  ft 


-1;  50,6 


In  this  Table,  the  quantity  of  matter  in  Venus  is  supposed  to  be  1,31,  that 
of  the  Earth  being  unity ;  but  the  density,  and  consequently  the  quantity  of 
matter  in  Venus  is  subj^  \9  %?©?  unc^ptaiptQf.  M  any  other  quantity  of 
matter  be  assumed,  the  numbers  in  the  horizontal  line  opposite  to  Venus  will 
vary  in  the  same  ratro.  The  equation  of  the  Georgian  Planet  is  diminished 
0",01  by  Jupiter,  and  0",l  by  Saturn,  accor4ing  to  M.  de  la  Grange. 
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A  new  Method  of  e^^'v^ecimg-  the-  Elemmts  of  the-  (MU  qfa  Pkmeti 

266.  Lemma.  If  any.  quantity  ^  he  assum.ed^  wd  the  value  of  aay  junction 
of  it  be  computed ;  th^en  if  z  be  k^reased  by  any  very  small  quantity  v^  the 
variation  of  the  same  ftmctipn  wiH:  be  in  proportion  to  v.  Th,is  is  a  proposition 
well  kno\«|n  to  Mathematicians*^. 

267.  Given  t;hree  observed  helipgentfip  longitudg^  of  a  planet,  the  times  of 
observatiojiSa,  asd  ijs  periodic  time  j  aJso  the  place  of  the  aphelion  of  its  orbit, 
and  its  e^^ceptfijci^y  ai;^  si^pp^ed  to  be  very  i^^arly  k^jpwn ;  to  correct  these 
two  elemented  Let^  S  be  the.  sua,  M^  lyO^  the  three  given  observed  places  of 
the  planet;,  A  the  estimate^  place  «f  the  aphielioB,  and  SG  th^  supposed]  excen- 

*  Tlie  pripciple  on  which  the  truth  of  this  depends,  is,  this:  let  A  be  the  result  of  the  first  compu- 
tation. Then  for  2  substitute  z-i-v,  and  compute  again  the  same  quantity  with  this  new  value  of  s. 
Now  as  r  is  very  small,  we  may  reject  all  its  powers  above  the  first,  consequ^tly  the  second  result 
will  be  il^  fiiv.  VI  being  sp(o^  knusira  coefficient  f  because  when  vzzq  the  two.  resulu  na^t  be  the 
same.    Hen(^,  tlj|e  v^iati^P  W  9?  tlv^.^^Fe^Hlf.  is  ig  propi^tiqp  to  p,- 
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tricity.  As  the  ititeivab  df  Ume  of  the  ptoiti*t^*  ittttttofl  ftdto  Mia  I  attd  fhsift 
/  to  O  Bte  known,  and  the  periodic  time  is  given,  the  ftMatt  kUtittnaL&ei  \tetpr6tti 
M  and  /,  /  and  O  win  be  known  (222) ;  call  theM  p  atid  9  l^spet^vely ;  and 
as  the  points  il/,  /,  O,  ^  afe  given,  the  angles  ASMy  ASI9  4SO  al*  knttWA, 
the  three  true  anon^alies ;  cotnpute  therefoi'e  (2S2)  the  thlree  CoffeikptMidii^ 
mean  anomalies,  and  from  thence  we  shall  know  the  mean  anotn^di^s  br6tW6efl 
Mand/,  /andO;  Call  these />  and  Q.  Then  if  Pz-ap,  atidQti-j^,  the  tJbilfr. 
puted  agree  with  the  observed  places,  and  con^Jciiiletttly  the  place  of  the  aphelloti 
and  the  excentricity  were  rightly  assumed.  But  WPhe  ttdt  equal  t6  j>,  let  if 
be,  for  instance,,  less  by  tn,  and  let  Q  be  less  than  q  by  n.  Now  incfela^fe  th6 
place  of  the  aphelion  by  a  very  small  quantity  j:^,  and  cdtopute  the  mektt  afto* 
malies  between  M  and  /,  /  and  O  again,  and  let  the  cotitispoAding  fei'rort  b& 
m  and  n'.  Hence  from  increasing  the  place  of  the  aphelion  by  a?,  the  alteration 
of  the  mean  anomalies  between  M  and  /,  /  and  0  Will  hefn±in  and  w±w'  re- 
spectively, according  as  the  errors  are  of  a  dif&rent  or  of  the  same  kind.  Increase 
the  excentricity  by  a  very  small  quantity  ^,  and  let  the  errors  of  the  mean  ano- 
malies between  M  and  /,  I  and  O  be  m"  and  7i*j  then  will  m±fn  and  n±pi* 
be  the  corresponding  alterations  of  the  mean  anomalies  frotiA  the  increase  jf  of 
excentricity.  Let  ^  and  y  be  the  alterations  necessary  to  be  made  to  the  first 
assumed  place  of  the  aphelion  and  the  excentricity,  in  order  to  correct  the  enrora 

m  and  n.  Then  (266)  ^  :  x::m±m' :  '^^^Am  ^^  change  of  nkAtt  aiiO. 
waly  between  M  and  /  from  the  alteration  x;  also  y  :  j/v.m±in  :  y  x^*^ 

y 

the  change  which  arises  from  the  alteration y.  But  we  want  to  increase  the 
mean  anomaly  between  M  and  /  which  arises  from  the  first  assumed  place  of 
the  aphelion  and  the  excentricity,  by  the  quantity  m;  hence  we  must  assume 

il^^-^^JL^ERr^fn.      for  tb«  same  r6a«6n,  *  :  jc".'.n±n' :  ^'^*^- 

the  change  of  mean  anomaly  between  /  and  O  from  the  alteration  ie'}  tkso  if  iy' 

::n±7f  :  *^?^-?"" —  the  chaise  arising  £rom  tlie  alteratiod  i/\    Bttfe  we  want 

to  increase  the  siean  anomaly  between  /  md  O  from  tltfe  first  afesmm^tion,'  bf 

the  quantity  n;  hence,  we  must  assume -f-'^ ^ —  =  «.     Fut 

X  y  X 

=a,  ?"-"f'=ft  "=^"  =c,^*^=d,  and  we  have  a.r'  +  A^=:»j,  cx'^dy'-n; 
y  '     X  y 

hence,  x  — ^^~^  and  1/=^""^,  the  corrections  to  be  made  to  the  first 

da-lc  ^     cb-ad 
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assumed  place  of  the  apheb'on  and  the  excentricity  in  order  to  make  the  com- 
puted agree  with  the  observed  mean  anomalies.  Thus  we  correct  at  once  the 
two  elements.  If  P  or  Q  be  greater  than  p  or  y,  then,  as  the  assumed  place 
of  the  aphelion  and  the  excentricity  give  the  mean  anomalies  between  M  and 
/,  /  and  O  too  great  by  m  or  w,  it  is  manifest  that  the  alteration  which  we. 
want  to  produce,  by  altering  these  two  elements,  is  to  diminish  the  computed 
mean  anomalies  by  m  or  n;  to  effect  which,  we  must  assume  the  alterations 
equal  to  —  7»  or  —  n.  Regard  must  also  be  had  to  the  signs  of  m±mym±.m\ 
n±n\  n±n\  by  considering,  whether  the  assumed  variations  .rand^  have^ 
produced  an  increase  or  decrease  of  the  mean  anomaUes  between  M  and  /, 
/  and  O,  and  writing  them  positive  or  negative  accordingly.  The  circum- 
stance of  any  particular  case  will  immediately  point  out  these  matters. 

To  find  the  Reduction  of  a  Planet  to  the  Ecliptic. 

FIG.  268.  Let  V  C  be  the  ecliptic,  AB  the  orbit  of  a  planet,  N  the  ascending 

58.  node,  t  C  the  order  of  the  signs,  P  the  place  of  the  planet,  and  Pm  perpen- 
dicular to  V  C;  then  Nniy  reckoned  from  N  according  to  the  order  of  the  signs, 
is  called  the  argument  of  latitude^  because  the  latitude  Pm  depends  upon  Nm; 
hence  to  get  the  argument  of  latitude,  we  must  always  subtract  the  place  of  the 
node  from  the  place  of  the  planet  reduced  to  the  ecliptic,  adding  1 2  signs  to 
the  latter  if  it  be  the  least  Take  NAzzN^r^  and  the  longitude  of  a  planet 
upon  its  orbit  is  computed  from  the  point  A;  hence,  the  longitude  on  the 
orbit  is  AP:=AN+NP;  and  the  longitude  on  the  ecliptic  is  t  w=  (rN^Nm 
^AN+Nm;  the  difference  of  these  longitudes  is  the  difference  between  NP 
and  Nmj  which  difference  applied  to  the  longitude  of  the  planet  upon  the 
ecliptic,  adding  it  to  or  subtracting  it  from,  according  as  Nm  is  less  or  greater 
than  NP^  that  is,  as  Nm  is  between  O*'  and  90""  or  180°  and  270°,  or  be- 
tween 90^  and  1 80°  or  270°  and  360°,  gives  the  longitude  upon  its  orbit.  This 
difference  is  called  the  Reduction. 

269.  To  find  the  reduction,  put  c= the  cosine  of  the  angle  PNm,  f=:the 

rad  X  c 
tangent  of  Nm  the  argument  of  latitude;    then  the  cotan.  PN  = j — . 

hence,  10,  +log.  c— log.  f=log.  cotan.  PN;  and  the  difference  between  PN 
and  Nm  is  the  reduction  required. 
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Ex.  Let  the  inclination  of  the  orbit  of  Mercury  be  7%  and  the  argument  of 
latitude  SO"*.  17'.  48";  then 

7^    0'.     0"       .         -         -     COS.  +10,=  19,9967507 
30.  17.  48    -        -         -         .        tan.  =  9,7666171 


SO.  29.     1  -         -         .  .  cot  10,2301336 


O.  11.  13  the  Reduction. 


In  the  Tables  of  the  planet's  motions,  a  Table  of  reductions  is  given,  which 
applied  to  NP  gives  Nm;  or  applied  to  the  longitude  of  a  planet  on  its  orbit 
gives  the  longitude  upon  the  ecliptic ;  but  if  applied  with  a  contrary  sign  to  the 
longitude  on  the  ecliptic  it  gives  the  longitude  on  its  orbit.  In  like  manner  a 
reduction  may  be  appUed  to  the  sun's  longitude  to  find  its  right  ascension  or 
the  contrary. 


TOL.  I.  » 


CHAP.  XIV. 

ON  THE  MOTION  OF  THE  APFIELIA  OF  THE  ORBITS  OF  THE  PLANETS. 

Art.  270.  Having  explained  In  tlie  last  Chapter  the  methods  of  finding 
the  place  of  the  aphelia  of  the  orbits  of  the  planets,  we  proceed  next  to 
determine  their  motion,  arising  from  their  mutual  attraction,  which  is  im- 
mediately done  by  comparing  the  places  as  settled  by  the  ancient  and  mo- 
dern observations;  or  by  comparing  the  length  of  an  anomalistic  with  that 
of  »  tp<^)»eat  or  aidereal  revolution. 

971.  To  find  the  motion  rf  the  Earth* s  apogee.  Hifparchus,  140  years 
belbw  J.  C.  determined  its  place  t€>  be  2*.  5^|;  and  by  the  observattona  of 
Waltherus  in  1496,  the  plaee  was  found  to  be  3*.  9^.  57'.  57^;  from  these 
observations,  the  motion  of  the  apogee  is  T.  2":|  in  a  year  in  respect  to  the 
equinoctial  points.  M.  de  la  Caille  determined  the  place  of  the  apogee  for 
the  beginning  of  the  year  1 749  to  be  3*.  8°.  39';  which  compared  with  the  ob- 
servation of  Waltherus  gives  l'.  6"  for  the  yearly  motion.  In  the  year  1588, 
Tycho  determined  the  place  of  the  apogee  to  be  3*.  5°.  2C(\  and  Kepler  in 
the  same  year  determined  its  place  to  be  3'.  5^  32'.  These  compared  with  the 
observation  of  Cassini  in  the  year  1738,  who  determined  its  place  to  be  then 
in  3'.  8°.  19'.  8',  give  about  l'.  7"  for  the  annual  motion.  M.  de  la  Caille 
determined  the  length  of  the  anomalistic  year  to  be  26'.  35^  longer  than  the  tro- 
pical year,  which  makes  the  motion  of  the  apogee  to  be  l'.  5"95  in  a  year. 
Kepler  made  it  1'.  2";  Ricciolus,  l'.  2".  4l\  4""  in  a  year.  Mayer  in  his 
Tables  makes  it  l'.  6".  Dr.  H alley  makes  it  l'.  l";  and  Cassini  about  1'. 
l",25.  M.  de  la  Lande  in  his  Tables  makes  it  l'.  2"  as  computed  by  M.  de 
Lambre  from  Dr.  Maskelyne's  observations  in  1788;  and  this  determination 
is  most  to  be  depended  upon,  as  made  by  so  eminent  an  Astronomer,  from 
observations  which  are  acknowledged  to  be  the  best  that  have  been  ever  made. 
These  motions  are  in  respect  to  the  equinox.  If  we  assume  it  to  be  l'.  2^*, 
and  the  precession  of  the  equinoxes  to  be  50"^:,  we  shall  have  the  real  motion 
of  the  apogee  to  1  l"j  in  a  year. 

272.  To  determine  the  motion  of  the  aphelion  of  Saturn.  The  place  of  the 
aphelion  in  1694  was  8*.  28°.  58';  but  from  three  oppositions  observed  in  the 
years  127,  133  and  136,  its  place  for  the  year  132  was  7*.  24^  14'.  29",  which 
makes  the  annual  motion  1'.  20".  Tycho  found  the  place  of  the  aphelion  on 
December  19,  1590,  to  be  8*.  25^  40'.  51",  which  compared  witli  the  observa- 
tion in  132  gives  l'.  18",5  for  the  annual  motion.  The  same  observation  of 
Tycho  compared  with  the  place  of  the  perihelion  on  December  12,  1708,  in 
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8'.  28^,  25'.  10",  gives  1'.  23'',5forthe  annual  motion.  If  the  same  observatkAi 
of  TtchO  be  compared  with  the  place  of  the  aphelion  in  April  1694  in  8*.  48\ 
58'  it  gives  l'.  55^  for  the  annual  motion.  Cassiki  conjectured  from  all  this, 
that  the  motion  of  the  aphelion  was  quicker  now  than  formerly.  He  also  found 
the  p^helion  in  1708  not  so  forward  by  a  degree  as  it  ought,  when  compared 
ydth  the  place  of  the  aphelion  in  1694  at  the  annual  movement  of  1'.  20";  from 
whence  he  suspected  that  the  orbit  had  a  librating  motion,  and  that  there  ought 
to  be  an  equation  employed  between  the  two  points.  The  irregularities  of  Sa- 
turn, however,  as  we  have  before  observed,  are  so  great,  that  we  need  not  won- 
der  at  these  differences.  Kepler  makes  it  1'.  16^  Cassini  supposes  it  to  be 
1'.  18",  and  Dr.  Halley  l'.  20".  M.  de  la  Ghanoe,  from  calculating  the  dis- 
turbing force  of  each  planet  upon  the  other,  has  determined  the  annual  motion 
of  the  aphelion  to  be  i'.  e^S.  M.  de  la  Place  makes  it  l'.  e^O?,  which  M.  de 
la  Lande  has  employed  in  his  Tables. 

273.  To  determine  the  motion  of  Jupiter^ $  aphelion.  According  to  the  ob- 
servations of  Ptolemy,  the  aphelion  was  in  iin  14^  38'  in  the  year  136  ;  but  in 
1720  it  was  in  ^  9®.  47';  this  gives  57".  11"'  for  the  annual  motion.  In  the 
year  1590,  the  place  of  the  aphelion,  calculated  from  the  observations  of  Tycho^ 
was  found  to  be  in  ^  6®.  30'.  43";  this  compared  with  the  observation  in  1720, 
gives  l'.  30''  for  the  annual  motion.  If  we  compare  the  places  in  136,  and 
1590,  they  give  54"  for  the  annual  motion.  This  induced  Cassini  to  think,  that 
the  motion  of  the  aphelion  is  accelerated ;  or  that  it  was  subject  to  some  irre- 
gularities ;  he  states  the  motion  at  57^'.  24"'.  Kepler  makes  it  47".  Dr.  Hal- 
let  makes  it  72^  M.  Jeaurat  computed  the  place  of  the  aphelion  in  1590  to 
be  in  A  7"*.  49'.  19%  and  in  1762  in  £t  lO*".  86'.  41";  from  which  he  found  the 
annual  motion  to  be  58",4.  Euler,  from  the  theory  of  attraction,  found  it  to 
be  55".  M.  de  la  Grange,  57",2.  M.  Wargentin  says,  that  an  annual  mo- 
tion of  62''  best  agrees  with  observation.  M.  de  la  Lande  has  employed  56^,73 
in  his  last  Tables,  according  to  the  theoretical  determination  of  M.  de  la  Place; 

274.  To  determine  the  motion  of  the  aphelion  of  Mcfrs.  From  three  oppOi- 
sitions  observed  by  Ptolemy,  the  place  of  the  aphelion  in  1 35  was  found  to  be 
3*.  29°.  24';  and  by  the  observations  made  at  Greenwich  in  1691,  1696  and  in 
1700,  the  place  was  found  to  be  in  5*.  O**.  31'.  34"  in  1696  ;  hence  the  annual 
motion  of  the  aphelion  is  l'.  ll".  47"'.  20"\  Kepler  makes  it  l'.  7^  Dr.  Hal- 
ley  makes  it  l'.  12\  From  comparing  the  place  in  1748  in  5*.  1**.  26'.  10"  with 
the  place  in  1592  in  4'.  28'*.  49'.  50",  the  motion  is  l'.  The  mean  of  these  de^ 
terminations  is  l'.  7",5.     M.  de  la  Lande  supposes  it  to  be  1'.  7*. 

275.  To  determine  the  motion  of  the  aphelion  of  Venus.  Cassini  has  found 
from  computing  the  place  of  the  aphelion  from  the  ancient  observations,  a  diflfer- 
ence  of  15"*,  from  which  uncertainty  it  is  more  diflScult  to  determine  its  annual 
motion.    However,  the  place,  computed  from  the  observations  in  136,  138  and 
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140,  (and  which  he  thinks  are  the  most  to  be  depended  upon)  was  found  in 
138  to  be  in  /  ai"*,  29';  this  compared  with  the  observations  in  1715,  1716  and 
1718  when  it  was  found  to  be  in  sff  &".  50'  in  17 16,  .the  annual  motion  is  found 
to  be  l'.  42".  50'".  From  comparing  the  place  in  1596  in  ;»  1**.  54'  with  the 
place  in  1716  in  5sr  6''.  50',  the  motion  is  2'.  28".  Horrox  fixed  the  place  of 
the  aphelion  in  1639  in  «?  5*^;  this  compared  with  the  place  in  1716,  gives  \\ 
26"  for  the  motion.  M.  de  la  Lande  employed  the  same  method  to  settle  the 
place  of  the  aphelion  of  Venus  as  for  Mercury,  which  we  have  explained  in 
Art.  262.  By  comparing  the  place  of  the  aphelion  in  his  first  Tables  with  the 
place  in  Kepler's  Tables,  the  annual  motion  comes  out  2'.  4l",5.  Cassini 
makes  it  l'.  26",  and  Dr.  Hallet  56",5.  Kepler  makes  it  l'.  18".  Amidst  so 
much  uncertainty,  M.  de  la  Lande  thinks  it  better  to  depend  upon  the  theory, 
which,  according  to  M.  de  la  Grange,  makes  it  48",5,  and  which  M.  de  la 
Lande  employs  in  his  Tables.  On  account  of  the  small  excentricity,  this  un- 
certainly of  the  place  of  the  aphelion  is  not  of  so  much  consequence,  as  an  er- 
ror of  1*^  in  the  place  of  the  aphelion  will  never  produce  an  error  of  l'  in  the  he- 
liocentric longitude. 

276.  To  determine  the  motion  of  the  aphelion  of  Mercury.  From  the  ob- 
servations of  the  passages  of  Mercury  over  the  sun  in  1661,  1690  and  1697, 
Cassini  determined  the  place  of  the  aphelion  on  November  9,  1 690,  to  be  in 
8*.  12''.  22'.  25";  and  upon  supposition  that  the  motion  of  the  aphelion  was.  !'• 
20"  in  a  year,  he  found  that  it  represented  the  passages  very  well  in  1631,  1672; 
1723  and  1736.  But  as  these  passages  were  nearly  at  the  same  point  of  the  or- 
bit, it  does  not  suflSciently  establish  l'.  20"  to  be  the  true,  motion,  as  it  might 
answer  to  the  same  points  nearly,  but  not  to  other  parts  of  the  orbit.  We 
ought  not  therefore  to  be  surprised,  says  M.  de  la  Lande,  that  a  motion  of 
52",5  by  Dr.  Halley  answers  equally  well  to  the  same  observations.  Kepler 
makes  it  1'.  45".  M.  de  la  Lande  found,  by  the  greatest  equation,  that  on 
May  6,  1753,  the  place  of  the  aphelion  was  8*.  13*^.  55' .  From  comparing  thia 
place  with  the  place  computed  from  8  observations  of  Ptolemt,  (rejecting  6 
others,  2  of  which  did  not  appear  to  be  reconcileable  with  each  other,  and  4  were 
too  near  the  aphelion)  he  found  the  motion  to  be  l'.  10"  in  a  year,  which  he 
constructed  his  first  Tables  upon ;  observing  however  at  the  same  time,  that 
this  motion  does  not  agree  perfectly  with  the  observations  in  this  century.  He 
has  since  found  that  a  motion  of  56",25  will  best  agree  with  observation ;  and 
this  he  has  assumed  in  his  last  Tables.  M.  de  la  Grange  makes  it  57"  by  theory. 
The  motions  of  the  aphelia  here  determined  are  their  motions  in  longitude ;  if 
therefore  we  subtract  50",25  (the  annual  precession  of  the  equinoxes)  from 
each,  we  shall  get  their  real  motions. 
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MOTION  OF  THE  APHELIA  IN  ONE  HUNDRED  YEARS. 


Planets 

M.  Cassini 

Dr.  Halley 

M.  de  la  Lande 

Mercury 

2°.   IS'.  20" 

1°.  27'.  37' 

1°.  33'.   45" 

Venus 

2.     23.    20 

1.     34.     13 

1.     21.      0 

Earth 

1.     42.    56 

1.    41.      7 

1.     43.    35 

Mars 

1.     59.    38 

1.    56.    40 

1.     51.    40 

Jupiter 

1.     35-    42 

2.       0.      0 

1.     34.     33 

Saturn 

2.       9.    44 

2.     13.    20 

1.     50.       7 

According  to  the  calculation  of  M.  de  la  Grange,  the  aphehon  of  the 
Georgian  Planet  is  progressive  3",  17  in  a  year,  from  the  action  of  Jupiter  and 
Saturn;  consequently  its  motion  in  longitude  ia  50",25-h3",17  =  53",42.  He 
has  also  calculated  the  effect  of  each  planet  in  disturbing  the  aphelia  of  the  rest. 
The  following  Table  contains  the  annual  effect. 


ANNUAL  MOTION  OF  THE  APHELIA. 


.            . 

Mercury 

Venus 

Earth 

Mars 

Jupiter 

Saturn 

By  Mercury 

—  Venus 

—  Earth 

—  Mars 

—  Jupiter 

—  Saturn 

•     .     • 
4",  14 
0,84 
0,04 
1,56 
0,08 

-  4",S0 

... 

-  5,06 
+    1,18 
+    6,38 
+    0,08 

-   0',42 
+   5,  20 

•          *          • 

+    1,54 
+    6,79 
+   0,  19 

0",02 
0,70 
1,  92 

... 

12,  31 
0,70 

0',00 
0,01 
0,01 
0,00 

... 

6,56 

O'jOO 
0,00 
0,00 
0,00 
15,  99  . 

... 

Real  motion 
Precession 

6,66 
50,25 

-    1,72 
50,  25 

13,  30 
50,  25 

15,  65 
50,  25 

6,58 
50,25 

15,  99 
50,25 

Mot.  in  long. 

56,91 

8,  53 

63,  55 

65,90 

56,  83 

66,24 

M.  de  la  Grange  here  supposes,  as  before,  the  density  of  Venus  to  be  1,31, 
but  M.  de  la  Lande  makes  it  only  0,95 ;  for  this  density  therefore,  the  second 
horizontal  Hne  must  be  diminished  in  the  ratio  of  1 ,31  to  0,95. 
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Kepler  makes  the  earth's  apogee  to  have  coincided  with  the  equinoctial 
point  <r ,  on  July  24,  in  the  year  S993  before  J.  C.  which,  according  to  some 
Authors,  is  about  the  time  of  the  Creation.  At  the  same  time  he  makes  the 
aphelion  of  Satum  to  be  a  24\  28'.  6*;  of  Jupiter  ®  2S*.  34'.  18";  of  Mars 
8  15^;  of  Venus  .at  0^  d.  (f  j  of  Mercury  ®0^  Cf.  0';  and  the  apogee  of  the 
Moon  A0^0^  0*. 


CHAP.   XV. 

ON  THE  NODES  AND  INCLINATIONS  OF  THE  OBBITS  OF  THE  PLANETS 

TO  THE  ECLIPTIC. 

Art  277.  Jc  ROM  observing  the  course  of  the  planets  for  one  revolution, 
their  orbits  are  found  to  be  inclined  to  the  ecliptic,  for  they  appear  only  twice 
in  a  revolution  to  be  in  the  ecliptic ;  and  as  it  is  frequently  requisite  to  reduce 
their  places  in  the  ecliptic,  ascertained  from  observation,  to  the  corresponding 
places  in  their  orbits,  it  is  necessary  to  know  the  inclinations  <>£  their  orbits  ta 
the  ecHptic,  and  the  points  of  the  ecliptic  where  their  orbits  intersect  it,  called 
the  Nodes.  But  previous  to  this,  we  must  show  the  method  of  reducing  the 
places  of  the  planets  seen  from  the  earth  to  the  places  seen  from  the  sun,  and 
how  to  compute  the  heliocentric  latitudes. 

278.  Let  jB  be  the  place  of  the  earth,  P  the  planet,  S  the  sun,  v  the  first  fig. 
point  of  aries;  draw  Pv  perpendicular  to  the  ecliptic,  and  produce  ES  to  a,  59. 
Compute*,  at  the  time  of  observation,  the  longitude  of  the  sun  seen  at  a^  and 

you  have  the  longitude  of  the  earth  at  Ej  or  the  angle  <r  SE;  compute  also  the 
longitude  of  the  planet,  or  the  angle  <r  Sv^  and  the  difference  of  these  two 
angles  is  the  angle  ESh  of  commutation.  Observe  the  place  of  the  planet  in  the 
ecliptic ;  and  the  place  of  the  sun  being  known,  we  have  the  angle  vES  c£ 
elongation  in  respect  to  longitude ;  hence  we  know  the  angle  SvEj  which 
measures  the  difference  of  the  places  of  the  planet  seen  from  the  earth  and  the 
Sim ;  therefore  the  place  of  the  planet  seem  from  the  earth  being  known,  the 
place  seen  from  the  sun  will  be  kno¥m.     Also,  tan.  PEv  :  rad. : :  vP  :  Ei) 

rad.  ;  tan,  Pfh)  : :  vS  :  "oP 
/.tan.  PEv  :  tan.  PSv  ::  vS 
:  Ev : :  sin.  SEv  :  sin.  ESv ;  that  is,  the  sine  of  elongation  in  longittide  :  sin. 
of  the  difference  of  the  longitudes  of  the  earth  and  planet::  tan.  of  the  geocentric 
Mtude  :  tan.  of  the  heliocentric  latitude.  When  the  latitude  is  small,  vS  :  Ev 
very  nearly  as  PS  :  PEj  which,  in  opposition,  is  very  nearly  as  PS  :  PS-^SE. 
Or  we  may  compute  (223)  the  values  of  PS  and  SEy  which  we  can  do  with 
more  accuracy  than  we  can  compute  the  angles  SEv  and  ESv.  The  curtate 
distance  Sv  of  the  planet  from  the  sun  may  be  found,  by  saying,  rad.  :  cos. 
PSv::  PS  :  Sv. 

279.  First  method,  to  find  the  place  of  the  node.     The  most  simple  method, 
when  it  can  be  applied,  is  to  observe  when  the  planet  has  no  latitude,  and 

*  The  method  of  making  these  computatiomi  will  be  shown  in  the  third  Volume  of  this  Work. 
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then  reduce  (278)  the  apparent  place  to  the  place  seen  from  the  sun,  and  it 
gives  the  place  of  the  node. 

280.  Second  method.     The  place  of  the  node  may  be  determined  by  find- 
ing two  equal  heliocentric  latitudes  on  each  side  of  the  node,  and  the  middle 
point  between  the  longitudes  found  at  the  same  times,  is  the  place  of  the  node. 
viG.  281.  Third  method,     find  the  planet's  heliocentric  latitudes  just  before  and 

^*  after  it  has  passed  the  node,  and  let  a  and  b  be  the  places  in  the  orbit,  m  and  n 
the  places  reduced  to  the  ecliptic ;  then  the  triangles  amN^  bnN  (which  we 
may  consider  as  rectilinear)  being  similar,  we  have  am^-bn  :  mnwam  :  mN^ 
that  is,  the  sum  of  the  two  latitudes  :  the  difference  of  the  longitudes : :  either 
latitude  :  the  distance  of  the  nodejrom  the  longitude  corresponding  to  jthat  latitude^ 
Or  if  we  take  the  two  latitudes  seen  fix)m  the  earth,  it  will  be  very  nearly  as  ac- 
curate when  the  observations  are  made  in  opposition.  If  the  distance  of  the  ob- 
servations should  exceed  a  degree^  this  Rule  will  not  be  sufficiently  accurate, 
in  which  case  we  must  make  our  computations  for  spherical  triangles  thus. 

Put  wi»=fl,  ftw=/9,  amzzb^nNzix;  then  (Trig.  Art  212)  ^HliLl£=:cot.  JV^= 

tan.  b 

sin.  ^    ,    ,    .     —                                                       ,            sin.  a  x  cos.  or— 
}  but  sm.  a— .r—sm.  a  x  cos.  a:'~sin.  j?  x  cos.  a;  hence,  ^ 


tan.  j3 

sin.  X  X  COS.  a      n.  a?  sin.  a  x  tan.  0  sin.  a 


= tan.  iT.    This  Rul6  is 


tan.  b  ""tan.  fi^  **  tan.  6  + cos.  ax  tan.  ^""cos.  .r 
given  by  Mr.  Bugge,  Professor  of  Astronomy  in  the  University  of  Copenhagen. 
See  the  PhiL  Trans.  1787. 
FIG.  282.  Fourth  method.  Let  P  be  the  pole  of  the  ecliptic  ECy  amy  bn  two 
61*  heliocentric  latitudes  of  the  planet,  and  produce  ma,  bn  to  P;  then  the  angle 
at  P  is  the  difference  of  longitudes ;  and  in  the  triangle  aPb^  we  know  aP,  bP 
and  the  angle  aPb^  to  find  the  angle  b  ;  therefore  in  the  right  angled  triangle 
NbUy  we  know  bn  and  the  angle  6,  to  find  Nn;  and  as  the  longitude  of  n  is 
known,  the  longitude  of  the  node  N  will  be  known. 

Ex.  To  the  third  method.  Mr.  Bugge  observed  the  right  ascension  and  de- 
clination of  Saturn^  and  from  thence  deduced  (124,  278)  the  following  helio- 
centric  longitudes  and  latitudes. 
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1784,  Apparent  Hme 

Heliocentric  longitude 

Heliocentric  latitude 

July  12,  at  12*.    3'.     r 

9*.  20*.  sr.  29" 

©•.  S*.  l^N. 

20,—  11  .  29.     9 

9.  20.  51.  53 

0.  2.  41 

Aug.  1,  -^  10 .  SS.  US- 

9.  81  .  IS.  17 

0.  1.  84 

8,  —  10  .     9.     0 

9.  21  .  26.     8 

0.  0.  56 

21, —    9.   14.  59 

9.  21  .  49.  27 

O.  0.     2 

27,  —    8  .  50.   19 

9.  22.     0.  12 

0  .  O.  27S. 

31,  —    8  .  33.  47 

9.  22.     7.  32 

0.0.  50 

Sept.  5,  —    8  .   IS.  45 

^       9.  22.  16.  28 

0.   1.  21 

15,  —    7  .  SS.  45 

9 .  22  .  34 .  32 

0.  1.  59 

Oct.  8, —    6.     4.  28 

9.  23  .  16.  15 

L.       .....          ...    .          ..  ^ 

O.  9.  35 

In  computing  these  heliocentric  latitudes  and  longitudes^  Mr.  Bugge  added 
the  corrections  for  the  perturbations^  after  the  principles  of  M«  Lambert,  in 
the  Memoirs  de  BerSn^  1783. 

From  the  observations  on  August  SI  and  27,  hy  considering  the  triangles  as 
plane,  ar=44\5;  from  those  on  21  and  31,  x=4^,5}  and  from  those  on  Au^ 
gust  21,  and  September  5^  a:=z4d'i  the  mean  of  these  is  ssrsL^i";  Mr,  Bugok 
makes  .r=41%  probably  by  taking  the  mean  of  a  greater  number,  or  computing 
from  considering  them  as  spherical  triangles ;  hence,  the  heliocentric  place  of 
the  descending  node  was  9%  21^.  50'.  8",5-  Now  on  August  21,  at  9 A.  12'.  26^ 
tnie  time,  Saturn's  heliocentric  longitude  was  9*.  21*.  49'.  27*,  and  on  27,  at 
Sh.  49'.  23"  true  time,  it  was  9*.  22*".  O'.  12^;  therefore  in  five  days  23*.  36^.  57* 
Saturn  moved  10'.  45"  in  longitude;  hence,  10^.  45"  :  4l''::Sd.  23h.  36'.  57"  : 
9h.  T*.  44"  the  time  of  describing  41"  in  longitude,  which  therefore  added  to 
August  21,  9h.  12'.  26",  gives  August  21,  ISA.  20'.  10"  the  time  when  Saturn 
was  in  its  node. 

283.  To  determine  the  inclination  of  the  orbit,  we  have  bn  the  latitude  of 
{he  planet,  and  nN  its  distance  upon  the  ecliptic  from  the  node ;  hence,  sin.  nN 
:  tan.  bn : :  rad.  :  tan.  of  the  angle  N.  But  the  observations  which  are  near 
the  node  must  not  be  used  to  determine  the  inclination,  as  a  very  small  error 
in  the  latitude  will  make  a  considerable  error  in  the  angle.  If  we  take  the  ob- 
servation on  July  20,  it  gives  the  angle  2^  38'.  15";  if  we  take  that  on  October 
8,  it  gives  the  angle  2^  22'.  13";  the  mean  of  these  is  2^  SO'.  14"  the  inchna- 
tion  of  the  orbit  to  the  ecliptic.  To  get  the  incEnation  accurately,  we  must, 
after  having  settled  the  place  of  the  node,  observe  a  latitude  and  longitude  at  a 
considerable  distance  from  it.  From  the  observations  of  Dr.  Maskeltne,  M. 
die  Lahbre  found  the  place  of  the  node  on  July  12,  1784,  to  be  3\  21^  48^ 
\5r. 

On  December  12,  1704,  at  18A.  SOf  at  Paris,  Jupiter  was  observed  in  oppo* 
fiition  in  2\  21^  26'.  2^'  with  28'.  10"  south  latitude;  and  on  January  14,  1706, 
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at  16A.  2'  it  was  in  opposition  in  3*.  24''.  40'.  40"  with  29'.  56"  north  latitude 
seen  from  the  earth.  Now  at  the  first  and  second  observations,  the  distance  of 
Jupiter  from  the  sun  was  to  the  distance  of  the  earth  as  51144  to  9839,  and 
52566  to  9840;  hence  (278),  51144  :  41305::  28'.  10"  :  22'.  45';  and  52566 
:  42726 : :  29'.  56'  :  24'.  20"  the  latitudes  seen  from  the  sun  at  the  respective 
oppositions  J  also,  the  difference  of  the  two  longitudes  was  33°.  14'.  18";  hence 
(281),  22'.  45" +  24'.  20"  :  22'.  45'::  33^  14'.  18"  :  16°.  3'.  36",  which  added  to 
2'.  21°.  26'.  22"  gives  S\  T".  29'.  58"  the  place  of  the  ascending  node  from  these 
observations,  according  to  M.  Cassini.  It  is  difficult  to  determine  accurately 
the  place  of  Jupiter's  node  on  account  of  the  small  inclination  of  its  orbit.  M. 
de  Lambre,  from  observations  in  1775,  1776,  1777,  1782  and  1783,  found 
the  longitude  of  the  node  in  1783,  to  be  3*.  8°.  14'. 

On  May  3,  1700,  .at  12h.  24',  Mr.  Flamstead  found  the  latitude  of  Mars 
to  be  10'.  9'  north ;  and  on  May  10,  at  11  A.  48'  to  be  10'.  13"  south.  Now  as 
the  corresponding  longitudes  are  not  given  we  must  proceed  thus.  The  time 
between  the  two  observations  was  6rf.  23/i.  24';  hence,  10'.  9" +  10'.  13'  :  lO', 
9";:  6rf.  23A.  24'  :  Sd.  11  A.  40',  which  addied  to  the  time  of  the  first  observation 
gives  May  7,  Oh.  4'  for  the  time  when  the  planet  was  in  its  node,  at  which  time, 
by  calculation,  its  place  was  in  ni  1 7^  23'.  1 3".  Now  the  place  of  the  planet 
computed  at  the  time  of  opposition  was  in  ni  18°.  5';  consequently  the  differ- 
ence 41'.  47"  shows  how  much  the  computed  place  at  the  time  of  passing  the 
node  wanted  of  the  computed  place  at  the  time  of  opposition,  or  the  difference 
of  the  two  places  at  those  times ;  but  the  observed  place  in  opposition  was  in 
111  18°.  6*,  from  which  therefor^  subtract  41'.  47"  and  we  have  nt  17°.  24'.  13? 
for  the  true  place  of  the  descending  node.  In  this  manner  we  may  always  cor* 
rect  a  computed  place,  if  we  have  an  observed  place  near  to  it.  In  the  PJiiL 
Trans,  for  1790,  Mr.  JBugge  makes  the  place  of  the  ascending  node  to  he  W 
17^  54'.  24"  for  December  7,  1783,  which  is  10'.  S5"  greater  than  the  place  by 
M.  Cassini,  23'.  27"  greater  than  by  Dr.  Halley,  and  2"  less  than  by  M.  de 
la  Lande  in  his  last  Tables. 

On  June  11,  1705,  at  llu  11',  the  latitude  of  Venus  was  5'.  35"  north  ;  and 
on  June  12,  it  was  7'.  35"  south  at  lA.  5*.  By  calculation  the  true  places  of 
Venus  seen  from  the  sun  at  those  times  was  1 13^  22'.  37",  and  1 14"".  57'.  32",^ 
the  motion  of  Venus  was  therefore  1°.  34'.  55"  in  this  interval;  hence,  5'.  35"-^- 
7'.  S5"  :  S!.  35"::  1°.  34'.  55"  :  40'.  15",  which  added  to  the  place  at  the  first  ob- 
servation gives  1 14°.  2'.  52"  for  the  place  of  the  node.  Mr.  Bugge  ia 
the  PAi7.  Trans.  1790,  determined  the  place  of  the  descending  node  of  Venus 
on  August  25,  1786,  to  be  8'.  14°.  44'.  38",  which  is  3'.  53"  less  than  by  Ml 
Cassini,  l'.  59"  greater  than  by  Dr.  Halley,  and  36"  less  than  by  M.  de  U 
Lande  in  his  last  Tables, 
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In  like  manner,  the  place  of  the  node  of  Mercury  may  be  determined;  but 
the  best  method  of  finding  the  place  of  the  nodes  of  Venus  and  Mercury  is 
from  their  transits  over  the  sun's  disc,  as  will  be  explained  when  we  treat  on 
that  subject. 

LONGITUDES  OF  THE  NODES  FOR  1750. 


1^5 


Planets 

M.  Cassini 

Dr.  Halley 

M.delaLANDE 

Mercury 

1*.  15^25'.  20' 

1*.  15^2l'.  58" 

1M5^20'.43" 

Venus 

2.    14.  27.  45 

2.    14.  23.  42 

2.   14.  26.   18 

Mars 

1.   17.  45.  45 

1.   17.  56.  21 

1.   17.   38.  38 

Jupiter 

3.     7.  49.  57 

3.      8.   15.  49 

3.      7.  55.  32 

Saturn 

3.  22.  51.     4 

3.  21,   20.     5 

3.   21.  32.  22 

M.  de  la  Place  found  the  place  of  the  node  of  the  Georgian  Planet  in  1788 
to  be  2\  12^  47'. 

To  jmd  the  Inclination  of  the  Orbits  of  the  Planets  to  the  Ecliptic. 

284.  First  method.  The  most  simple  method  is  to  observe  the  latitude  of 
the  planet  when  it  is  90®  from  its  node,  and  then  reduce  (278)  the  latitude  seen 
from  the  earth  to  that  seen  from  the  sun,  and  you  have  the  inclination. 

285.  Second  method.  Observe  the  latitude  and  longitude  of  the  planet  at 
any  other  time  when  it  is  at  some  distance  from  the  node,  and  reduce  them 
(278)  to  the  latitude  and  longitude  seen  from  the  sun;  then  the  place  of  the 
node  being  known,  the  distance  of  the  planet  in  longitude  from  the  node  will 
be  known ;  and  in  the  triangle  bnN^  we  know  ftw,  nNj  therefore  sin.  7iN  :  tan. 
hn:\  rad  :  sin.  of  the  angle  hNn;  the  ftirther  the  planet  is  from  the  node,  the 
smaller  will  be  the  error  in  the  angle,  any  given  error  being  made  in  the  lati- 
tude. 

286.  Third  method.  Let  P  be  the  place  of  a  planet  in  its  orbit,  N71  the 
line  of  the  nodes,  E  the  earth  in  that  line;  draw  Pv  perpendicular  to  the  eclip- 
tic, and  Pr,  vr  perpendicular  to  Nn;  then  (13)  the  angle  Pro  is  the  inclina- 
tion of  the  orbit.     Now  rv  :  vPw  rad.  :  tan.  Pro 

vP  :  vE : :  tan.  PEv  :  rad. 

.\rv  :  vE::  tan.  PEv  :  tan.  Pro;  but  rv  :  vE  ::  sin. 
vEr  :  rad.  hence,  sin.  vEr  :  rad. : :  tan.  PEv  :  tan.  Pro,  that  is,  the  sine  of  the 
difference  of  the  longitudes  of  the  sun  and  planet  seen  from  the  earth  :  rad. : :  tan. 
of  the  geocentric  latitude  :  tan.  of  the  inclination. 


61. 


FIG. 

62. 
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C3C.  On  Jaxmaiy  il»  lYAI',  «t  18^  H. SA\  M.  de  b  Caiixjl  dnerrad  fhe 
longitaiie  of  Saturn  to  be  6\  fl6f^.  laf.  JS';  ud  the  stxn  vw  tkstt  ia  V.  »1^  47" 
m  the  node  of  Saturn,  or  at  l«0t  withjm  about  Ifi'  of  tt;  oko,  tbe  observed  la- 
titude was  2^  29'.  1 8'  north ;  hence  by  the  third  method,  sin.  85°.  S4'.  8^  r 
rad.::  tan.  2^  29'.  18"  :  tan.  2^  29'.  45"  the  inclination.  Cassini,  from  tbe 
mean  of  7  determinations,  makes  it  S*^.  90'.  99".  M.  de  la  Lande  from  Dn 
Maskeltne's  oboorvtttionB  m  1??5,  177%  1777,  makes  it  2^  SO';  in  his  Ta- 
bles he  makes  it  fi^  99'.  SCf  ^  178ek  M.  4e  Lambri:  feuod  it  2^  29\  is'' 
for  1750. 

On  March  28,  1661,  Jupiter  was,  according  to  Hevelius^  in  &  8^  58' in 
opposition  to  the  9uq,  distant  only  about  i°«  SO"  frofo  its  grcaleet  distance  from 
its  node,  and  with  1°.  98'.  25^  apparent  south  latitude.  Now  the  distance  of 
Jupiter  from  the  earth  was  to  its  distance  frpm  the  sun  as  44597  to  54595; 
hence,  by  the  first  method^  £4595  :  4459?::  sin.  1^  98'.  25" :  sin.  I"".  20'.  29" 
the  heliocentric  latitude,  or  the  incUnatioa  of  the  orbit;  for  the  distance. of 
1^  90'  fron\  ttie  greatest  distance  of  the  node  will  net  cause  an  error  of  more 
than  2"  in  the  inclination.  From  the  opposition  of  Jupiter  on  April  6, 1 768, 
M.  de  k  L4W>f:  hnftA  tbe  Mclination  to  be  1°.  19'.  4",  Jupiter  being  l^en  at  its 
greatest  latitude;  he  makes  it  l"".  18'.  56"  for  1780  in  his  Tables.  M.  do 
Lambre  makes  it  1^  19'.  2^  for  1750. 

On  Mareh  27,  1694,  at  ^h.  4'.  40'*' at  Greenwich,  Mr.  Flabcstbad  deter- 
mined the  right  ascension  of  iVfor^  to  he  ll5^  48'.  S5\  and  ita  dedinotion  24^ 
lQ'*50f' worth;  heoce  (124),  the  geocentric  longitude  ym  »23^2i6M2',  and 
FIG.  lat.  2^  46^.  38".  Let  iS  be  the  siw^  JS  the  earthy  P  Mars,  v  the  pJajcei  reduced 
59.  tQ  tbe  ecliptie.  Now  the  true  place  of  Mars  (by  calculation)  seen  from  tbe 
sun  WW  A  28^  44'.  14%  and  the  place  of  the  $un  was  r  7°.  34'.  25";  hence,  sub» 
tracting  the  place  of  the  sun  from  thepl^e  of  Mars  seen  from  th/s  earthy  w^ 
Iwkve  the  angle  v£S  between  tbe  sun  and  Mars  X05^.  51'.  47';  and  the  place  q£ 
the  evtb  being  *  7^  84',  «5',  take  from  it  tbe  |Jace  of  Mars,  and  we  have 
tbe  angle  J51Sto=38^  50'.  ix"j  hence,  (S78>sin.  los\  51'.  47" :  sin.  s$\  so\ 
11'::  tan.  JP^v=?2".  46'.  38" :  tan.  FSv^l\  48'.  36".    Now  the  place  of  tb# 

node  was  in  8  17^  15',  which  subtracted  froma28^  44'.  14"  gives  101  ^  29'.  14!' 

for  th^  di3tance  vi^  of  Mars  from  its  node ;  hence,  sim  vN^  lOl^  29'.  14" : 
t^n.  JPv^W  48'.  36"::rad.  :  tan.  PNti:sil\  50'.  50"  tbe  indinaliQU  of  the  or-^ 
bit^    Mr,  BuaQE  makes  the  inclinatioa  to  be  l^  50^^  56i'^^  &r  Mareh,  1788. 
M.  de  la  Lande  makes  it  1^  51'  for  1780. 

The  inclination  of  the  orbit  of  FeoM  F,  may  be  v^  accurately  determined, 
when  Venu3  is  about  90^  from  its  aode  N^  and  in  its  inferior  conjunction  ;  be- 
cause at  that  time  it  being  about  thfee  times  nearer  to  the  earth  than  to  the 
^o.     sun  Sy  any  error  in  taking  the  apparent  latitude  will  not  cause  an  error  of  above 
®^*     one  third  part  thereof  in  the  indinalion.    I^t  il  be  the  eactb^  and  draw?  Vr 
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yerpamiinritr  to  ihe  edqitie.  On  Sefxtember  2,  1900,  the  ImtkaJM  of  Venusy 
in  inferior  conjunction,  was  obsenrsd  at  Fmm  to  be  6^  40^.  15"  JB.  and  ita  ioogi^ 
tude  seen  from  the  sun  was  11*.  10^  20'.  20%  consequently  it  was  86^.  22'  from 
its  node  Now  at  that  time,  iS^JF^  was  to  iSJB  as  72769  to  1O075O;  hmce,  7«769 
:  10075D::8in.i?j:r^8''.«cy.  15^'  :  tin.  EVSzsl&f.  St.  Yi  thenANPe  the  an- 
gle ESV^  or  Vr^  m  S"".  92'.  as\  and  as  rN^Sff".  22^,  sin.  86^.  22^ :  tan.  S^  9S(. 
98"::  rad.  :  tan.  VNr^S\  2a!.  S\  By  a  like  observation  on  August  28,  1718, 
the  inelination  was  fimnd  to  be  8^  28^.  lO''.  Mr.  Bugor  makes  it  ^.  23!.  S8%6 
in  1784.  M.  de  la  Lande,  from  two  observattoos  in  1780  and  1782,  nidtea  it 
8^  28'.  35"  for  1780. 

On  July  16,  1781,  at  lOh.  32'.  A/f  in  the  morning,  M.  Cassini  determined 
the  place  of  Mercury  seen  from  the  earth  to  be  ®  3°.  2'.  35^,  with  2^  2'.  20* 
south  latitude.  Let  S  be  the  sun,  E  the  ear^,  v  the  place  of  Mercury  at  M 
reduced  to  the  ecliptic,  j^  the  node.  By  calculation,  the  true  place  of  Mereo- 
ry  seen  from  the  sun  was  x  25®.  54'.  9",  and  the  place  of  the  node  N  was  h  14^« 
10',  consequently  vN-s.^"".  IS'.  5\\  Now  the  sun  was  in  o  28^.  IS'.  12^,  from 
which  take  the  apparent  place  of  Mercury  o  8^  i.  35^,  and  we  kive  the  angle 
SEv'=z2QP.  lO'.  87^  Subtract  the  place  of  the  earth  yf  Wf.  1^.  12^  fimn  tbe 
tme  place  of  Mercury  x  25^.  54'.  9^,  and  we  have  the  angle  ESo  :s  &^.4Si.  FC\ 
benoe^  the  sioe  i&jBt;=20P.  16^.  37"  :  sine  1;Ae;=:62^  40".  5r  ::tan.  r£M=^« 
i!L  «/  :  tan.  Afjb^,  or  Afr,  zz^.  15'.  30^';  and  sine  iVi^=s48^  15".  SV  :  tan*  Mv 
sd^.  IS',  dor ::  lad.  :  tan.  vA^M::6^  51'.  SfH  the  inclinatiott.  He  fixes  it  at 
9^.  M.  le  GxsTii.  observed  Mercury  in  the  meridian  on  October  5,  1750,  and 
fimnd  its  apparent  longitude  217°.  18'.  19^,  with  2P.  50'.  MTfloutii  ktiUkle;  aba, 
the  place  of  the  sun  was  6".  12°.  8'.  52^,5,  and  the  angle  JBuS  of  commutatiMi 
tS^  81'.  23^,5 ;  kenee,  the  heliocentric  latitude  was  6°.  51'.  28*,  and  thence  the 
indication  f.  i'.  Dr.  Hallvt  makes  it  6"".  59'.  20^*.  M.  de  la  Lahbe  owptoya 
rin  his  Tables. 
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jf.  de  li  Lahde  is  for  the  year  1 780.     He  makes  the 


^^bt  Georgia 

■ 

3i«  3«  xKMBnsA  of  tfce  orfiits  are  subject  to  a  variation,  arising  from 

-^.-^-^iB..  *5  ^»*  ^^  afterwards  explain.     This  variation  is  too 

^aKiJ  '    jc  jvfw^**-'^  •"•^  soifficient  accuracy  from  observations  ;  but  by  the- 

^  ^fl  ^  v.^i«.»>u«  te*  tbund  it  to  be  as  follows ;  for  Saturn- 23",  1 1  ;  for 

^*'    .l^^.ii.  auc  iL«-^3',45;  for  Venus  +  4",47 ;  for  Mercury  +  20",4S ; 

On  the  Motion  of  the  Nodes. 

-s^^    l>f  aK^oo*  ot'  tlie  nodes  is  found,  by  comparing  their  places  at  two 
fiiL^c  u»it^*  ^  *^  ^^^^y  ^^  determined  by  tlieory,  as  we  shall  afterwards  ex- 

^^vft}i.M.t  ttteutions,  that  in  the  year  1 36  Saturn  was  at  its  greatest  north 

^^j^>  4ij  ^  beginning  of  Libra,  and  consequently  the  node  must  have 
^  it  '^V  b^?giuning  of  Capricorn;  now  in  the  year  1700  it  was  in  vf  21^  13« 

^.    l9i«v^  »^  ^^  advanced  21^  13'.  30"  in  1564  years,  or  at  the  rate  of  48". 

V  *  -1^  ^<?^»  ^^^  1°*  2^'*  2^  ^^  ^^  years.  But  as  a  variation  of  several  de* 
IjlWj:  f f  wb^  place  of  the  node  would  have  but  a  very  small  effect  on  the  latitude 
^^4u^  M«Mr  its  greatest,  the  observation  of  Ptolemy  cannot  be  depended  upon 
^  riw  jHirpose.  On  March  1,  228  before  J.  C.  Saturn  was  observed,  by  the 
\lijii)^iM^^  to  be  about  5'  above  the  star  in  the  south  shoulder  of  Virgo, 
MiNi^^  y  by  Bayer;  from  this  M.  Cassini  found  the  place  of  the  node  to  be 
t\  i*"^*  wliich  compared  with  the  place  in  1720,  gives  56".  26''  for  the  yearly 
gjij^i^,  BuLLiALDUS  mentions  an  occultation  of  Saturn  by  the  moon  in  the 
%\W  A^>  from  whence  he  found  the  place  of  the  node  to  be  3*.  12°.  36'.  21"; 
^  |Ik»  year  1769,  M.  de  la  Lande  found  the  place  to  be  3*.  21^  40'.  47';  this 
4M\YH  iS".  48"'  for  the  yearly  motion  of  the  nodes.  Tycho-Brahe  observed  Sa- 
tttW  very  near  its  node  on  December  29,  1 592,  from  whence  M.  Cassini  found 
Ihe  place  of  the  node  to  be  S\  20°.  21'.  5";  this  observation  compared  with  the 
lihKV  of  the  node  in  1700,  determined  to  be  S\  21°.  13'.  30",  gives  29'.  24"  for 
the  annual  motion.  From  four  observations  of  M.  Cassini  (which  M.  de  la 
I.ANUK  thinks  are  most  to  be  depended  upon)  reduced  to  the  year  1700,  the 
iitec^  rfthe  node  appears  then  to  have  been  in  3'.  21°.  1 1'.  20";  and  comparing 
thi*  with  the  place  in  1 769,  the  annual  motion  is  25",6.  M.  de  Lambre  makes 
il  83'  S5*  M.  de  la  Grange  makes  it  29",  from  the  theory  of  attraction.  M, 
de  la  Lande  makes  it  3l",7  in  his  Tables. 

M.  Cassin'  "*      ^  the  place  of  the  node  of  Jiwjpifer  in  1705,  to  be  in  3\  7°. 
37\  50".  t^e  place  of  the  node  in  his  time  was  inthe 
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beginning  of  Cancer ;  this  gives  17"  for  the  annual  motion.  By  an  observation 
on  September  26,  508,  in  which  Jupiter  was  in  conjunction  with  Re'gulus^  M* 
Cassini  computed  the  motion  to  be  24\  37'"  from  the  same  observation.  M. 
le  Gentil  calculated  the  places  of  the  node  from  the  observations  of  Gassendi, 
Dr.  Halle Y  and  himself,  to  be,  in  1633,  in  3'.  6^  4'.  5(f  \  in  1716,  in  3'.  7"". 
S7'.  30";  and  in  1753,  in  3*.  8^  21'.  25".  The  two  last  observations  give  66" 
for  the  annual  motion ;  the  first  and  last  give  also  66"j  but  these  motions  are 
too  great,  as  they  will  not  agree  with  other  observations.  From  the  mean  of 
several  observations  made  at  Paris  between  1692  and  1730,  it  comes  out  34". 
M.  de  Lambre  makes  it  35",7,  which  M.  de  la  Lande  has  assumed  in  his 
Tables.     M.  de  la  Grange  makes  it  31"  by  theory. 

The  place  of  the  node  of  Mars  on  October  28,  1595,  was  found,  from  the 
observations  of  Tycho,  to  be  in  8  16°.  24'.  33";  and  on  November  13,  1721, 
M.  Cassini  found  it  to  be  in  8  17°.  29'.  49";  these  give  31".  4'"  for  the  annual 
motion  of  the  nodes.  By  comparing  the  same  observation  of  Tycho  with  those 
made  at  Paris  and  Greenwich  in  the  year  1700,  the  former  gives  38".  15'",  and 
the  latter  34".  1 6'".  In  the  year  1 39,  Ptolemy  says  the  greatest  north  latitude 
of  Mars  was  at  the  end  of  Cancer,  which  gives  the  place  of  the  node  at  the  end 
of  Aries;  this  compared  with  the  place  in  1721  gives  S9\  50'\  M.  Cassini 
thinks  this  latter  is  not  much .  to  be  depended  upon,  and  therefore  takes  the 
mean  of  the  others,  which  gives  34".  32'"  for  the  annual  motion.  Mr.  Bugge 
makes  it  28",2.  M.  de  Lambre  makes  it  28",  which  M.  de  la  Lande  employs 
in  his  Tables.     M.  de  la  Grange  makes  it  25'',4  by  theory. 

The  place  of  the  node  of  Venus  in  its  transit  over  the  sun  in  1769,  was  found 
by  M.  de  la  Lande  to  be  2\  14°.  36'.  20",  with  a  probable  error  of  not  more 
than  30".  Dr.  Hornsby  calculated  the  place  of  the  node  in  its  transit  in  1639^ 
from  the  observations  of  Hourox,  and  found  it  to  be  2\  1 3^  27'.  50",  which 
gives  31  ",7  for  its  annual  motion.  Timochares,  on  October  11,  271  years 
before  J.  C.  observed  >,  in  the  south  wing  of  Virgo  to  be  eclipsed  by  Vemis ; 
from  this  observation,  M.  Cassini  found  the  place  of  the  node  to  be  1*.  24°.  2'; 
this  compared  with  the  place  in  1698  in  2'.  14^  1'.  45",  gives  36",5.  The  ob- 
servations in  1639  and  1698  make  it  34"  j  and  as  this  agrees  very  nearly  with 
the  results  from  the  observations  in  1705,  1710and  1731,  M.  Cassini  fixed  the 
motion  at  34".  M.  de  la  Caille,  on  December  21,  1746,  found  the  place  of 
the  node  to  be  2\  14^  23'.  10" ;  this  compared  with  the  place  of  the  node  ob- 
served by  M.  de  la  Hire  on  October  31  i  1692,  gives  38"  for  the  annual  motion, 
Mr.  Bugge  makes  it  30",37.  M.  de  la  Lande  makes  it  31",  which  he  uses  in  his. 
Tables.     M.  de  la  Grange  makes  it  30",55  by  theory. 

The  place  of  the  node  of  Mercury  on  November  7,  1631,  was  found,  from 
the  observation  of  Gassendi,  to  be  in  8  13^  30'.  47";  and  on  November  11,, 
1786,  it  was  found  to  be  in  b  15°.  14'.  5" ;  this  gives  the  annual  motion  59".  2"'* 
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Aceoriitiig  to  the  ohiervBtians  of  Uevbuui,  the  true  place  of  the  node  on  Maj 
9^  IMl,  w«  in  1^  14^  19^^  this  comfiared  with  the  observation  in  1736,  gives 
the  annual  motion  4SC.  ^UT-p  the  mean  iif  these  i&  S\\  2^'.  This  is  M.  Cas. 
SDii^f  determination*  M«  le  Gektil,  bjr  comparing  the  pkce  of  the  node  in 
1755,  in  t^  li^«  24^  1 V  with  the  place  in  1677  in  9  14^  Si'.  S*,  fixmd  the  motion 
to  be  5(f ,  31*  M«  de  b  Lavde,  by  comparing  the  places  of  the  node  tX  Mer- 
cmy  found  from  its  transits  over  the  sun,  makes  it  48%  and  these  observatioai 
are  most  to  be  depended  upon*  He  employs  this  in  Ina  Tables.  M.  de  la 
Omavea  finds  it  to  be  41%  S  by  theory. 

889*  This  motion  of  the  nodes  is  in  reqpect  to  the  equinox^  if  therefore  we 
subtract  from  each  S(ffi5  the  precesrion  of  the  equinoxes,  it  will  give  the 
motion  in  respect  to  the  fixed  stars,  or  the  real  motion.  The  motion  in  the 
fiallowing  Table  is  in  req>ect  to  the  equinoxes. 


MOTION  OF  THE  NODES  IN  ONE  HUNDRED  YEARS. 


Planets 

M.  Cassini 

Dr.  Hallet 

M.  de  Is  Landk 

Mercury 

1^  94'.  40" 

1*.  as'.  aoT 

1".  lar.   lO' 

Venus 

0.    56.    40 

0.    51.    40 

0.    51.    40 

Mars 

a    36.    40 

1.     s.   so 

0.    46.    40 

Jupiter 

0.    40.      9 

I.     2S.    20 

0.    59.    80 

Saturn 

1.    3S.    11 

0.    SO.      0 

0.  55.  sa 

The  Georgian  Fianet  has  not  been  discovered  long  enough  to  determine  the 
motion  of  its  nodes  from  observation.  M.  de  la  Grange  has  found  the  annual 
motion  to  be  is*,  S  by  theory. 

Thus  we  determine  all  the  elements  necessary  for  cprnputing  the  phce  of  1^ 
planet  in  its  orbit  at  any  time ;  but  to  fiuulitate  the  operation^  which  would  be 
extremely  tedious  if  we  had  only  the  elements  thus  given.  Astronomers  have 
eonstructed  Tables  of  their  motions,  by  which  their  places  at  any  time  may  be 
very  readily  computed.  The  construction  and  use  of  these  Tables,  we  shall 
ex|^u  iu  the  Introduction  to  the  Tables  in  the  third  Volume. 
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Time  of  observation  .  . 

April  25,  1781, 
at  9A.  47'. 

July  31,  1781, 
at  15A.  33'. 

Dec.  12,  1781, 
at  lOA.  10^.    - 

Right  ascension  observed 

2*.  25".  15'.  27". 

3'.   W  r.  49" 

3*.   1°.  23'.  31" 

North  declination  obs. 

23.  35.  34 

23.  40.  25 

23.    42.   47 

Longitude 

2.  25.  39.   17 

3.    1.     2.     7 

3.    I.     16.    28 

Latitude  north 

11.  36 

12.  24 

14.    54 

Nutation  iii  longitude 

+  10 

+    8 

+   7 

Aberration  in  longitude 

+  19 

+  21 

-18 

Sun's  longitude  from  > 
the  mean  equinox  ) 

1.     5.  58.  53 

4.    9.     7.  13 

8.  21.   21.    50 

Log.  of  the  sun's  distance 

0,003196 

0,006272 

9,992993 

291.  From  these  observations,  M.  de  la  Lande  proceeded  thus  to  find  the 
circular  orbit.  He  assumed  the  radius  of  the  orbit,  and  then  calculated  the 
heliocentric  places  of  the  planet  at  the  times  of  the  first  and  last  observation  j 
consequently  the  angle  described  by  the  planet  about  the  sun  in  that  interval 
of  231  days  23'  was  known  ;  and  hence  the  time  of  the  whole  revolution  was 
known  by  proportion,  upon  supposition  that  the  orbit  was  circular.  Next, 
knowing  the  radius  of  the  orbit  compared  with  the  mean  distance  of  the  earth 
from  the  sun,  he  calculated  the  periodic  time  by  Kepler's  Rule  (218) ;  but  as 
this  time  did  not  agree  with  that  before  found,  he  varied  his  supposition  of  the 
distance,  until  he  found  they  agreed,  in  which  case  the  radius  of  the  orbit  was 
found  to  be  18,931  times  the  mean  distance  of  the  earth  from  the  sun,  and  the 
duration  of  the  revolution  82,37  years.  This  circular  orbit  therefore  agreed  to 
the  first  and  last  observations ;  and  by  computing  from  it  the  place  at  the 
second  observation,  he  found  that  it  differed  only  5"  from  the  observed  place, 
which  difference  might  easily  arise  from  the  unavoidable  errors  in  the  obser- 
vation. He  then  calculated  32  other  observations  made  by  Dr.  Maskelyke, 
MoNNiER,  Messier,  Mechain,  d'AoELET,  Levesque  and  himself,  and  found 
they  all  agreed  very  well,  except  in  April  1781,  and  July,  August,  and  Sep. 
tember  1782,  the  last  differing  more  than  two  minutes.  He  then  proceeded, 
as  before,  to  find  what  radius  would  answer  to  the  observation  on  April  25, 
1781,  and  on  July  21,  1782,  at  I5h.  at  Paris,  when  the  longitude  observed  was 
3*.  4^42^  39";  this  radius  he  found  to  be  18,893,  and  the  periodic  time  82,18 
years.    But  by  using  this  radius,  he  found  the  calculations  to  diffei:  !'•  27"  from 
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the  place  observed  in  opposition  in  December  1781.  This  indicated  an  irregu- 
larity in  the  motion  of  the  planet ;  but  the  irregularity  was  too  small,  and  the 
observations  too  near  together,  to  afford  proper  data  for  the  investigation  of  the 
orbit.  M.  de  la  Lande  proceeded  to  determine  the  place  of  the  node  and  in- 
clination of  the  orbit ;  but  on  account  of  the  small  motion  in  latitude,  great 
accuracy  could  not  at  that  time  be  expected.  The  geocentric  latitudes  ob- 
served on  April  25,  and  December  12,  1781,  were  11'.  36"  and  14'.  54'  north, 
which  give  tlie  heliocentric  latitudes  11'.  59"  and  14'.  8";  and  the  motion  in 
longitude  being  2^  46'.  S"  between  the  observations,  he  found  the  place  of  the 
node  to  be  2*.  12°.  54',  and  inclination  of  the  orbit  0°.  46'.  Again,  the  ob- 
served geocentric  latitudes  on  April  16,  1781,  and  March  26,  1782,  were  11'. 
48"  and  15'.  5",  and  hence  the  heliocentric  latitudes  were  found  to  be  12*.  T 
and  15'.  10";  and  the  motion  in  longitude  between  the  observations  being  4®, 
7'.  44",  the  place  of  the  node  was  found  to  be  2*.  1 2®.  2',  and  the  inclination  0^ 
44'.  He  further  observes,  that  the  planet  was  stationary  1 1  days  before  Dr. 
Herschel  first  observed  it,  and  therefore  if  his  observations  had  been  made  1 1 
days  sooner,  he  would  not  have  perceived  any  motion,  and  the  discovery  might 
have  been  lost  It  is  probable,  however,  that  if  this  had  happened,  the  dis- 
covery would  have  been  made ;  for  from  the  singularity  of  its  appearance,  which 
alone  made  Dr.  Herschel  pay  attention  to  it,  he  would  undoubtedly  have 
continued  to  observe  it,  till  he  had  discovered  its  motion,  which  must  very 
soon  have  been  perceived. 

It  having  been  found  that  the  motion  did  not  agree  to  that  of  any  one  circle, 
the  next  enquiry  was  to  determine  the  ellipse  in  which  it  moved,  supposing 
that,  like  the  other  planets,  it  revolves  in  such  a  curve,  having  the  sun  in  one 
of  its  foci. 

292.  The  metliods  of  finding  the  orbit  of  a  planet  as  described  in  Chap.  XIII. 
are  by  three  heliocentric  places  and  the  times  between,  or  by  three  distances 
firom  the  sun  and  the  angles  between.  The  first  method  may  be  applied  from 
three  observed  oppositions  ;  and  to  apply  the  other  we  must  have  five  ;  but  as 
the  latter  method  is  direct,  and  also  so  very  simple  when  compared  with  the 
former,  we  shall  prefer  that,  as  there  are  now  observations  sufficient  for  it ;  if  we 
had  wanted  the  elements  of  the  orbit  before  there  had  been  sufficient  data  for 
the  latter,  we  must  have  used  the  former  method.  By  this,  Mr.  Robison,  Pro- 
fessor of  Natural  Philosophy  in  the  University  of  Edinburgh,  has  investigated 
the  elements  of  the  orbit,  in  the  Edinb.  Trans.  Vol.  1. 1788 ;  we  shall  therefore 
fiilly  explain  the  principles  and  computations  as  given  by  him ;  the  method  is 
capable  of  great  accuracy,  so  &r  as  the  observations  are  accurate,  and  may  be 
easily  understood  by  those  who  are  well  acquainted  with  only  the  elementaiy 
parts  of  Mathematics  and  Philosophy. 
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The  observations  upon  which  the  investigation  is  founded,  are  as  follows : 


True  Time  at  Edinburgh, 

Dec.  21,  1781,  .  .  -  11\  44'.  33" 

26,  1782,  -  -  .     8.   56.  56 

31,  1783,  ...     0.    46.  24 

Jan.     3,  1785,  -  -  -  17.  28.  56 
8,  1786,  ...  10.  39.  31 


Longitude.  N.  Lat. 

.  -  3'.    0^  52.11"  .  .  .  15'.    T 

-  -  3.      5.   20.  29    -  -  .  18.  56 

-  -  3.      9.  50.  52    .  .  .  22.  10 

-  ^  3.    14.  23.      2    «  »  .  25.  40 
.  -  3.   18.  57*      5    -  .  -  28.  52 


293.  We  have  here  the  times  of  £ve  successive  oppositions,  as  deduced  from 
observations,  and  the  corresponding  heliocentric  longitudes  and  latitudes. 
Hence  tlie  longitude  of  the  node  on  January  1,  1786,  was  2'.  12^.  48'.  45*,  and 
inclination  of  the  orbit  46'.  26\  The  place  of  the  node  and  the  inclination  of  the 
orbit  being  determined,  the  places  of  the  planet  reduced  (268)  to  the  orbit  will 
be  known,  and  thus  we  may  find  the  arcs  described  in  the  orbit  itself  between 
the  above  oppositions. 

294.  Mr.  RoBisoN  next  took  the  opposition  on  December  31,  1783,  for  an 
epoch  to  which  the  other  observations  were  to  be  reduced.  The  interval  be- 
tween this  and  the  preceding  opposition  was  369d,  15/r.  49'.  28";  from  this 
opposition  he  counted  back  the  same  interval  of  time  ;  and  in  like  manner  he 
counted  forwards  from  the  epoch  two  equal  intervals ;  thus  he  got  four  equal 
intervals  of  time,  to  which  times  he  found  the  places  of  the  planet  upon  its 
orbit ;  and  upon  comparing  their  differences,  he  discovered  that  they  had  irre- 
gularities not  consistent  with  the  motion  of  a  body  in  an  ellipse ;  these  there- 
fore must  have  arisen  from  some  inaccuracies  in  the  observations  ;  and  as,  upon 
account  of  the  small  intervals  of  the  places,  such  errors  would  be  the  cause  of 
great  errors  in  the  elements  of  the  orbit,  it  was  necessary  to  correct  these  in- 
accuracies, so  as  to  give  the  difl^ences  such  a  law,  as  near  as  possible,  that  they 
ought  to  have. 

295.  The  next  consideration  was,  upon  what  principle  this  correction  was  to 
be  made  ;  and  this  was,  by  finding,  as  nearly  as  possible,  about  what  part  of  the 
ellipse  the  planet  was  in  at  the  time  of  the  above  observations,  and  then  by  observ- 
ing in  similar  parts  of  the  ellipses  described  by  the  other  planets,  what  law  the 
first  and  second  differences  of  the  angles  described  in  equal  times  observe.  The 
places  of  the  planet  in  the  ecliptic  at  five  points  of  time  being  known,  its  place 
at  any  other  point  of  time  may  be  very  accurately  fi)und  by  interpolation.  Now 
on  March  6,  1782,  at  6/u  14'.  56"  mean  time  (at  which  time  the  planet  was  sta- 
tionary), its  apparent  longitude  upon  the  ecliptic  was  observed  to  be  2'.  28^ 
49'.  27'' ;  the  heliocentric  longitude  was  also  found  by  interpolation ;  hence  the 
distance  of  the  planet  from  the  sun  came  out  18,9053,  the  earth's  distance  from 
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tiie  sun  being  unity.    By  interpolating  the  place  of  the  planet  for  March,  7rf. 
6A.  14'.  56%  it  was  found  to  have  moved   4S",4865  in  24  hours  ;  but  a  planet 
revolving  about  the  sun  in  a  circle  whose  radius  is  18,9053,  will  have  its  diurnal 
motion  =  43%  1647.     Now  the  angular  velocity  of  a  body  in  an  ellipse  is  to  the 
angular  velocity  in  a  circle  at  the  same  distance,  in  the  subduplicate  ratio  of 
half  the  latus  rectum  to  the  distance  ;  hence,  the  planet's  distance  from  the 
sun  was  less  than  half  the  latus  rectum.  Also,  by  alike  process  for  April  1781  ^ 
it  appears,  tliat  at  that  time  the  angular  motion  of  the  planet  exceeded,  by  a 
very  little,  the  angular  motion  of  a  body  in  a  circle  at  the  same  distance  ;  there- 
fore its  distance  from  its  perihelion  could  be  but  a  very  little  less  than  9(f.  We 
£nd  moreover,  that  the  angular  velocity  of  the  planet  about  the  sun  was  con- 
tinually accelerated  at  the  time  of  the  above  observations,  and  therefore  the 
planet  was  approaching,  its  perihelion.     Now  by  examining  the  tables  of  the 
planet's  motions  in  similar  situations,  it  appears  that,  in  equal  intervals  of  time, 
the  first  differences  decrease  very  slowly,  and  the  second  differences  increase 
very  slowly.     Mr.  Robison  therefore  gave  to  the  first  differences  a  very  small 
diminution,  and  to  the  second  differences  a  very  small  increase,  and  this  cor- 
rection was  made  without  altering  any  of  the  longitudes  more  than  d" ;  for  the 
first  observation  had  its  longitude  diminished  l'\  the  second  and  third  increased 
2'',5,  and  the  fourth  and  fifth  diminished  by  8",  and  this  must  be  allowed  to  be 
within  the  limits  of  probability.     The  times  corresponding  to  the  above  men* 
ttoned  equal  intervals,  and  the  corresponding  corrected  longitudes,  cleared  from 
the  effects  of  aberration  and  nutation,  and  reduced  to  the  orbit,  and  the  epoch 
of  1783,  are  as  follows  : 

True  time  at  Greenwich.  Longitude. 

Dec.  21,  1781,  iT.2d.iT  -  - 

. 26,  1782,    9.     9.  45    -  - 

31,  1783,    O.  59.   13    .  - 

Jan.     3,  1785,  16.  48.  41    -  - 

8,  1786,     8.  38.     9    -  - 

These  give  the  following  intercepted  arcs,  with  their  first  and  second 

differences : 
4^  27^.  26",5 

1'.  54%5 
4.    29.  21  I'' 

1.  53,5 
4.    31.   14,  5  2 

1.  51,5 
4.    33.     6 

From  these  data  the  elliptic  orbit  of  the  planet  is  to  be  constructed. 


.  .  3'. 

(f.  53'.  5or 

-  -  3. 

5.   21.   16^  5 

-  -  3. 

9.  50.  37,  5 

m     •      3. 

14.  21.  52 

-  -  3. 

18.  54.  58 
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FIG.  296.  Let  ACP  be  the  orbit,  P  the  perihelion^  S  the  focus,  y/,  jB,  C,  D,  £ 
65.  the  places  of  the  planet  at  the  five  oppositions ;  and  draw  the  chords  and  the 
radii.  Now  we  may  conceive  the  chords  AC^  CE  to  be  bisected  by  the  radii 
SBy  SD  in  jc  and  g.  For  supposing  them  to  be  bisected,  the  triangle  ASx^ 
CSa^  and  the  triangle  BaO=Ba:Aj  by  Euclid  B.  I.  P.  38.  And  the  ellipse 
being  nearly  a  circle,  Sjp  is  nearly  perpendicular  to  CAj  and  therefore  the 
chords  BCj  BAy  and  consequently  the  two  segments,  wiU  be  very  nearly  equal; 
and  each  being  also  extremely  small  compared  with  the  triangles  CSBj  ASBy 
the  sectors  CSB^  ASB  will  be  very  nearly  equal,  and  hence  the  times  from 
^  to  jB,  and  from  jB  to  C,  may  be  considered  as  equal,  without  any  sensible 
error,  and  therefore  B  will  be  the  place  of  the  planet  at  the  second  observation. 
In  like  manner,  D  will  be  the  place  at  the  fourth  observation. 

297.  Let  the  given  angles  ASBzzu^  BSCziv^  CSDzzSj  DSE-y^  ASC=!Wy 
CSEzzz ;  then  AS  :  Axw  sin.  AxS  :  sin.  w,  and  Or,  or  A:c  :  CS::  sin.  v  :  sin. 
CjpS  or  AjpS ;  hence,  AS  :  CS::  sin.  v  :  sin.  u ;  in  like  manner,  ES  :  CS : :  sin. 
.r  :  sin.  y ;  thus  we  know  the  ratio  ofASy  C5,  JS5,  and  the  angles  between  them, 
consequently  the  species  and  position  of  the  ellipse  may  (257)  be  found.  The 
error  arising  from  the  supposition  of  the  chords  being  bisected,  is  here  so  ex- 
tremely  small,  that  it  may  safely  be  neglected ;  however,  as  Mr.  Robison  has 
shown  how  it  may  be  corrected,  we  shall  explain  the  method,  as  it  may,  upon 
other  occasions,  be  necessary. 

298.  Bisect  AE  in  JP,  AC  in  Hy  CE  in  G,  and  draw  SHbj  SFc,  SGd,  OFk^ 
OGvy  O  being  the  center  of  the  ellipse.  Since  the  angles  ArOt;,  cSd  are  very 
small,  the  triangles  cFk^  dGv  are  nearly  similar,  and  cF^  dG  being  considered 
as  versed  sines,  they  will  be  very  nearly  as  the  squares  of  the  chords  ;  hence  the 
area  cFk  :  dOv : :  cjF*  :  rfG* : :  AE^  :  CE\  Now  by  the  property  of  the  ellipse, 
the  area  EFk=AkFj  also  EFS=LAFSi  hence,  SFkE=:AkFSi  add  Fkc  to 
hotiiy2LndScEz:zAkFS  +  Fkc=ScA  +  2Fkci  therefore  ScE -- ScA=2Fkc ;  but 
as  SCE  =  SCA ,  therefore  ScE  -  ScA=2SCCy  consequently  Fkc=SCc.  For  the 
same  reason,  dGv  =  SDd ;  but  as  SDy  SC  are  very  nearly  equal,  Cfc  :  Dd::  area 
SCc  :  SDd : :  Fkc  :  dOv : :  AE^  :  CE\  And  as  the  arcs  AC^  CE  are  very  small 
and  nearly  equal,  therefore  fF=CCy  and  Gg=dD  very  nearly ;  also  AE  :  CE 
::  2  :  1  very  nearly ;  hence,  f>F:  Gg:\  16 : 1.  For  the  same  reason,  1>F  :  Hx:\  16 
:  1  nearly. 

299.  Let  ABODE  be  the  true  ellipse;  take  Se  :  SC:\^m.  x  :  sin.  y,  and 
Sa  :  SO::  sin.  v  :  sin.  t/,  and  Se^  Sa  are  the  values  of  the  first  and  last  radii,  as 
determined  in  Art.  297-  consequently  J5e,  Aa  are  the  errors  to  be  found. 

Now  SC  :  Cg  ::  sin.  g  :  sin.  jp 
And  Cg  :  Eg  ::Cg  :  Eg 
Also  Eg  :  SE:: sin, y  :  sin. g 
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.-.      SC  :  SE ::  Cg  X  sin.  tf  :  Eg X  an,  X 
But     Se  :  SC  : :  sin.  x  :  sin.  y 
.-,       Se.SEr.Cg:  Eg 

Ee  i  SE::  Cg-Eg  :  Eg::  2gG  :  Eg. 

In  like  manner,  Aa  :  SA::  2xH :  Ax::  (because  the  arcs  AC,  CE  are  very 
nearly  equal)  2gG  :  Eg,  and  hence,  as  SEzzSA  nearly,  Ee=s=Aa  nearly. 

Now  SE  :  Ef ::  sin.  P  :  sin.  z 
And  Ep  :  A(p::  Eq>  :  A^ 
Also  AP  :  SA  : :  sin.  w  :  sin.  f 

SE  :  SA  ::  £^  x  sin.  w  :  Ap  x  sin. ;? 
Assume  SA  :  5'o : :  sin.  z  :  sin.  w 
.\SE  :  Soy.Ep  :  ^^ 
.••  aS'^;  :  Eo : :  EP  :  Ap^  Ep^  or  2pF. 

But  as  i;^  is  nearly  =  2^C,  EP:=i2Eg  nearly  j  also  2^2?'=  S2G^ ; 

Hence,  SE  :  ^o::  2E^  :  32Gg::  Eg  :  16G^ 

But  Ee  :  SE:: 2Gg  :  Eg 

.\Ee  :  Eo::2Gg  :  16G^::  1  :  8. 

Make  Sa  :  Sb:  :  sin.  js; :  sin.  »;,  and  then  Sa  :  St: :  SA  :  Soj  therefore  Aa:  ot:: 
Sa  :  St}  and  bs  Ss^Sa  nearly,  therefore  Aa=os  nearly ;  but  Aa  =  Ee  nearly, 
consequently  Ee^s=ot  nearly;  but  Eo=&Eey  hence,  es^zQECy  and  therefore  Ee 

=^  nearly. 

In  like  manner,  find  a  point  a  as  e  was  found,  by  taking  Se  i  S^: :  sin.  w  :  sin. 
«,  and  a  point  o'  as  o  was  found,  by  taking  SE  :  So' : :  sin.  a; :  sin.  z^  and  by  the 

/Z/v 

same  reasoning  it  will  appear,  that  Aazz-^.     Hence  we  have  the  following  coUp 

struction  to  obtain  the  three  radii.     Take  CS  of  any  value  ;  assume  SC  i  Sai\ 
sin. u  :  sin.  t?,  SC  :  Se::  sin.y  :  sin.  a:,  Se  :  Sa::  sin.  w  :  sin.  Zy  and  iS'a  :  iS'e:: sin. 

iS  :  sin.  w.     Then  make  SA=zSa  +  —^  and  SE=zSe — £f ,  and  i&4,  5jB  will  be 

6  6 

the  other  two  radii.     Hence  by  Art.  257.  the  angle  JBaS'P=2'.  4^  14'.  53" j  and 

the  excentricity  =  0,9006,  the  mean  distance  of  the  earth  being  unity.     Also 

(232)  the  mean  anomalies  corresponding  to  the  true  anomalies  OSAj  OSE  will 

be  known.    Therefore  the  difference  of  these  two  mean  anomalies  :  360® : :  time 

from  A  to  E  :  the  time  of  a  sidereal  revolution ;  and  the  square  of  a  sidereal 
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year  :  square  of  this  sidereal  revolution : :  1  :  the  cube  of  the  planet's  mean  dis- 
tance from  the  sun.     Hence  we  deduce  the  following  elements. 

Mean  distance 19,08247 

Excentricity 0,9006 

Periodic  time 83,359    years 

Mean  anomaly  at  JS 4*.     0^  SS'.  51" 

Long,  of  aphelion)  ^^^         j^  ^^^  ^^^  ^^33  C  11.  23.      9.  51 

Long,  of  the  node)  ^  i   2.  12.    46.  14 

Inclination  of  the  orbit        .         .         •        .  O.    46.  25 

Equation  of  the  center        -         -         -        -  5.    26.  56,6 

300.  These  elements,  says  Mr.  Robison,  are  as  accurate  as  the  observa- 
tions on  which  they  are  founded  can  give  them ;  and  agree  at  present  (1788) 
very  well  with  the  observations,  the  differences  being  as  often  as  much  in  de- 
fect as  in  excess ;  but  as  the  observations  were  made  so  near  together,  it  cannot 
be  expected  that  this  agreement  will  last  for  a  long  time.  As  they  may  be 
found  to  vary  from  observations,  they  may  be  corrected  by  Art.  267,  without 
computing  them  over  again.  The  star  N°.  964,  observed  by  Mayer  in  1 756, 
is  not  now  to  be  found ;  and  by  computing  the  place  of  this  planet  for  the  time 
of  his  observation,  Mr.  Robison  found  the  planet  to  be  only  3'.  52"  westward 
of  the  star,  and  1"  northward,:  from  which  he  suspected  that  it  might  have  been 
this  planet  which  Mayer  observed.  It  will  appear  however  that  this  was  .not 
the  case.  It  was  also  conjectured  by  some  Astronomers,  that  the  star  N^.  34, 
Tatirij  of  the  British  Catalogue,  was  the  new  Planet;  but  Mr.  Robison 
thinks  this  conjecture  by  no  means  to  be  admitted,  as  it  cannot  be  made  to 
agree  with  the  elements.  Mr.  Robison  has  computed  tables  of  this  planet's 
motion,  and  observes,  that  the  deviations  from  observations  made  near  the  ver- 
nal stations  are  in  defect,  whilst  those  near  the  autumnal  stations  are  in  excess. 
Hence  it  may  be  presumed,  that  the  mean  distance  and  periodic  time  are 
somewhat  too  smaU,  and  the  aphelion  too  forward.  This  he  did  not  perceive 
till  after  he  had  computed  his  tables,  and,  he  observes,  the  task  was  too  tedious 
to  make  the  computations  anew.  He  therefore  publishes  them,  not  in  the  per- 
suasion that  they  are  perfect,  but  because  they  are  more  consistent  with  obser- 
vations than  those  of  M.  de  la  Place,  and  Obiani,  the  only  ones  which  he  had 
then  seen. 
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T^  Elements  given  by  M.  de  la  Place,  arCy 

Mean  longitude  1784        .        -        .        -        S*.  14°.  43'.  18" 

Aphelion 11.    17.      6.    44 

Node 2.     12.    46.    47 

Equation         -         -         -         .-  -         -         -         5.    21.      3,2 

Inclination 46.    16 

Secular  motion  of  the  aphelion         -         -         -  1.    28.      O 

node 26.    10 

Mean  distance 19,18352 

301.  M.  de  la  Lande,  in  the  Histoire  de  VAcademie  Royal  de$  Sciences^  1787, 
has  corrected  these  elements,  after  determining  two  distances  from  the  sun,  the 
angle,  and  time  between.  We  shall  explain  the  manner  in  wliich  he  has  re- 
duced the  Problem  to  these  data.  To  examine  more  accurately  tlie  motion  of 
this  Planet,  he  settled,  from  the  best  observations,  the  places  of  those  fixed  stars 
with  which  the  Planet  had  been  compared. 

302.  Let  S  be  the  sun,  E  and  jP  the  places  of  the  earth  when  the  Planet  was      fig. 
in  quadratures  at  H  and  K.      Now  in  tiie  quadrature  before  opposition,  the      66. 
geocentric  longitude  computed  was  found  to  be  greater  than  that  by  obser- 
vation, and  in  the  quadrature  after  opposition,  to  be  less.     Draw  SGHj  SIKj 

and  suppose  G  and  /  to  be  the  computed  places;  then  as  the  difference  between 
the  true  and  computed  distances  from  tiie  sun  cannot  sensibly  vary  between  the 
two  quadratures,  we  may  suppose  GH=IKyand  consequently  the  angle  HEG^ 
=KFI;  and  as  the  difference  between  the  true  and  computed  angular  veloci- 
ties will  not  sensibly  vary,  we  may  suppose  the  true  places  to  be  at  H  and  Jf, 
when  the  computed  are  at  G  and  /.  Hence,  on  the  contrary,  when  the  angles 
HEGj  KFI  are  observed  to  be  equal,  the  true  places  will  be  at  H  and  JSl,  and  the 
computed  ones  at  G  and  /.  Now  the  distance  SG  compared  witli  SE  being 
given,  and  the  angle  SEG  a  right  angle,  if  we  assume  the  angle  HEGzz  10"^ 
we  shall  find  GjH;=0,01  7.  At  the  quadratures  at  E  on  November  21,  1788, 
the  error  HEG  was  found  to  be  23",  and  the  error  KFI  in  the  preceding  qua- 
drature May  8,  was  20";  we  will  therefore  take  the  mean  2l",5  for  each  error ; 
hence,  10"  :  0,017 ::  2r,5  :  0,03655  the  quantity  by  wliich  you  must  augment 
the  computed  distance  in  order  to  get  the  true  distance.  M.  de  la  Lande 
makes  it  0,04.  Now  from  the  position  of  E  and  S  in  respect  to  G,  as  the  com- 
puted geocentric  longitude  of  G  was  diminished  l",5,  the  corresponding  com- 
puted  heliocentric  longitude  will  be  diminished  by  about  the  same  quantity ; 
subtract  therefore  l",5  from  the  computed  heliocentric  longitude,  and  you  will 
have  the  true  heliocentric  longitude.  Repeat  the  same  for  any  other  quadra^ 
ure,  and  you  will  get  the  two  distances  from  the  sun,  with  the  angle  and  time 
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FIG. 


between.  In  this  manner  M.  de  la  Lakde  found  for  October  8,  178I9  at  17A. 
^  the  true  heliocentric  longitude  to  be  2*.  29°,  58'.  43",  and  the  distance 
18,947  ;  and  for  March  31,  1788,  at  7*.  38'  to  be  3*.  29^  5^.  46",  and  18,562. 
From  which  he  corrected  the  elements  in  the  Tables  in  the  following  manner. 
303.  Let  5P,  SQ  be  the  two  given  distances.  First  hypothesis.  Assume. the 
67.  mean  distance  as  in  the  Tables ;  also  a  certain  excentricity  SC^  and  place  A  of 
the  aphelion  for  Xhefrst  supposition.  Find  from  thence  the  two  true  anomalies 
at  P  and  Q ;  and  then  compute  the  corresponding  mean  anomalies,  and  the 
distance  5P,  which  will  probably  be  greater  or  less  than  that  which  is  given. 
Change  the  place  of  A^  until  SP  comes  out  the  same.  Compute  again  from 
this  new  place  of  the  aphelion,  the  two  mean  anomalies,  and  see  h^,  ^eir  dif- 
ference agrees  with  that  given  in  the  Tables,  and  you  have  the  error  of  the 

Tables. 

Second  supposition.  Change  the  excentricity  5C,  and  compute  again  the  dif- 
ference of  the  mean  anomalies,  and  you  will  have  the  error  from  this  supposi- 
tion. Then  by  the  Rule  of  three,  find  the  excentricity  which  gives  no  error, 
and  you  have  an  hypothesis  which  represents  the  first  distance  and  the  two  ano- 
malies. 

Calculate  from  hence  the  second  true  anomaly,  which  ought  to  be  the  same 
as  that  which  we  had  after  correcting  the  place  of  the  aphelion ;  if  not,  the 
excentricity  must  be  varied  imtil  they  agree. 

Compute,  upon  the  first  hypothesis,  the  value  of  SQj  and  observe  the  error. 

Secdnd  fn/pothesis.  Change  liie  mean  distance.  This  gives  another  difference 
of  mean  anomalies.  Then,  as  in  the  first  hypothesis,  vary  the  place  of  the 
aphelion  and  excentricity,  until  you  represent  the  first  distance,  SP  and  the  two 
anomalies ;  but  the  second  distance  probably  does  not  agree  with  observation. 

From  hence,  says  M.  de  la  Lande,  by  the  progress  of  the  errors  of  the  two 
hypotheses,  I  form  a  third  hypothesis  which  will  represent  each  distance,  and 
the  mean  motion  between.     Hence  he  deduced  the  following  elements. 

Mean  longitude  in  1784        -        -        -  3*.  14°.  49',  14" 

Aphelion 11.  16.  19.  30 

Equation 5.  26.  47 

Secular  motion  -         -         -         -  2.     9.  1 1 .  1 1 

Mean  distance 19,2033 

Tropical  revolution        -        .        .        .  30637  >      , 

Sidereal  revolution        ...        -  30737 )        ^ 

Tliese  elements  are  formed  from  taking  into  consideration  the  distur 
forces  of  Jupiter  and  Saturn,  which  M.  de  la  Lande  found  necessary 
otherwise  the  distances  would  be  represented  very  well,  when  the  long 
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Varied  considerably.  They  give  the  place  of  the  planet  different  from  the  place 
of  the  star  observed  by  Mayer  in  1756  by  11',  from  which  we  may  conclude 
that  that  star  was  not  the  Georgian  Planet. 

S04.  To  correct  the  place  of  the  node,  M.  de  la  Lande  found  the  heliocen- 
tric longitudes  on  September  28,  1781,  and  March  8,  1788,  to  be  2*.  29°.  51'. 
84"  and  3'.  28^  48'.  49";  and  latitudes  IS'.  38"  and  33'.  20",5.  But  the  preces- 
sion of  the  equinoxes  being  5'.  24"  in  the  interval,  it  must  be  subtracted  from 
the  difference  of  the  longitudes  to  get  the  true  motion  in  longitude,  which  was 
therefore  28''.  52".  V;  iand  the  last  latitude  was  diminished  3"  for  the  same  rea- 
son,  but  augmented  1"  on  account  of  the  motion  of  the  node  ;  hence  the  place 
of  the  node  at  the  beginning  of  1781  was  2'.  12^  44'.  12^',  and  the  inclination 

46'.  20". 

305.  M.  de  la  Grange  makes  the  annual  motion  in  longitude  of  the  aphelion 
to  be  53%42 ;  and  that  of  the  node  to  be  12'',5.  But  if  the  density  of  Venus 
be  such  as  is  supposed  by  M.  de  la  Lande,  the  annual  motion  of  the  nodes  will 
be  20".  40". 

Since  the  discovery  of  the  Georgian  SiduSj  four  other  primary  planets  have 
been  discovered :  the  first,  called  CereSy  was  discovered  by  M.  Piazzi  at  Paler- 
mo, Jan.  1,  1801 ;  the  second,  called  Pallas ^  was  discovered  by  Dr.  Olbers 
at  Bremen,  March  28,  1802;  the  third,  called  Junoy  was  discovered  by  M. 
Harding  at  lilienthal,  Sept.  1, 1803;  and  the  fourth,  called  r^^te,was  discovered 
by  Dr.  Olbers,  March  29,  1807.  The  following  'Table  contains  the  ELementt 
of  their  Orbits,  as  at  present  determined.  The  epochs  are  for  Dec.  31 ,  1800| 
at  midnight,  mean  time  at  Paris. 
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Elements 

Ceres 

Pallas 

Juno 

Festa 

Sidereal  revolution 
Mean  dist.  ©  dist.=  l 
Excentricity     - 
Mean  long.     -    -    - 
Mean  long,  perih.    - 
Inciin.  of  orbits 
Long,  ascend,  node 

Y.     D.      H.    M. 

4.  221.  12.  56 
2,76740()0 
0,0783486 
264^45'.    5" 
146.  39.  39 
10.  37.  34 
80.  55.     S 

Y.     D.      H.    M. 

4.221.17.     1 
2,767592 
0,245384 

252°.  37'.    2" 

121.  14.     1 
34.  17.     8 

172.  33.  48 

Y.     D.     H.    M. 

4.  130.23.57 
2,667163 
0,254944 

290^  30'.  52" 
53.  18.  41 
13.     3.  28 

171.     6.  38 

Y.     D.     H.    M. 

3.  240.  4.   55 
2,373 
0,09322 

267^.  25'.    1" 

249.  43.     0 
7.     8.  46 

103.     1.    0 

Dr.  Hersghel  makes  the  diameter  of  Pallas,  147  miles;  and  of  Ceres  161,6 
miles.  The  other  two  are  extremely  small,  and  their  diameters  are  not  ascer« 
tained.  3 


CHAP.   XVII. 

ON  THE  APPARENT  MOTIONS  AND  PHASES  OF  THE  PLANETS, 

Art.  SI 2.  As  all  the  planets  revolve  about  the  sun  as  their  center,  it  is  mani« 
fest,  that  to  a  spectator  at  the  sun  they  would  appear  to  move  in  the  directioti 
in  which  they  really  do  move,  and  shine  with  full  &ces.  But  to  a  spectator  on 
the  earth  which  is  in  motion,  they  will  sometimes  appear  to  move  in  a  direction 
contrary  to  their  real  motion,  and  sometimes  appear  stationary ;  and  as  the  same 
face  is  not  always  turned  towards  the  earth  as  towards  the  sun,  somepart  of  the 
disc  which  is  towards  the  earth  will  not  be  illuminated.  These,  with  some 
other  appearances  and  circumstances  which  are  observed  to  take  place  among 
the  planets,  we  shall  next  proceed  to  explain ;  and  as  tliese  are  matters  in  which 
great  accuracy  is  never  requisite,  being  of  no  great  practical  use,  but  rather 
subjects  of  curiosity,  we  shall  consider  the  motion  of  all  the  planets  as  per- 
formed in  circles  about  the  sun  in  the  center,  and  lying  in  the  plane  of  the 
ecliptic. 
FIG.  315.  To  find  the  position  of  a  planet  when  stationary.  Let  S  be  the  sun,  JB 
68.  the  earth,  P  the  cotemporary  position  of  the  planet,  XYthe  sphere  of  the  fixed 
stars  to  which  we  refer  the  motions  of  aU  the  planets ;  let  EFj  PQ  be  two  in- 
definitely small  arcs  described  in  the  same  time,  and  let  jEP,  FQ  produced, 
meet  at  i  /  then  it  is  manifest,  that  whilst  the  earth  was  moving  from  EU)  F^ 
the  planet  appeared  stationary  at  L  ;  and  on  account  of  .the  immense  distance 
of  the  fixed  stars,  EPL,  FQL^  may  be  considered  as  parallel.  Draw  5E,  SFtVj 
SvP  and  SQ  ;  then  as  EP  and  FQ  are  parallel,  the  angle  QFS-  PES=PwS 
^PES^ESF,  and  SPw^SQF=iSvF^SQF=iPSQ;  that  is,  the  cotempo- 
rary  variations  of  the  angles  E  and  P  are  as  ESF  :  PSQj  or  (because  the  angu* 
lar  velocities  are  inversely  as  the  periodic  times,  or  inversely  in  the  sesquiplicate 

ratio  of  the  distances)  as  SP^  :  SE^y  or  as  a-  :  1^.  But  the  sines  of  the  angles 
E  and  P  being  in  the  constant  ratio  of  a  :  1 ,  the  cotemporary  variations  of 
these  angles  will  (as  is  well  known)  be  as  their  tangents.    Hence,  if  j:  andy  be 

the  sines  of  the  angles  E  and  P,  we  have  x  \y\\a\  1 ,  and 


-  a^— flj*  a*  a 

::a*  :  1,  whence  0:^  =  ^3 — r=^TTTZ7»  ^^^  ^-  ",  ^  ^^  sine  of  the 

planet's  elongation  from  the  sim,  when  stationary. 

Ex.  If  P  be  the  earth,  and  E  Venus ;  and  we  take  tlie  mean  distances  of 
the  earth  and  Venus  to  be  100000  and  72333,  we  find  ^=0,48264  the  sine  of 
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28^  5l\  5",  the  elongation  of  Venus  when  stationary,  upon  the  supposition  of 
circular  orbits. 

For  excentric  orbits,  the  points  will  depend  upon  the  position  of  the  apsides 
and  place  of  the  bodies  at  the  time.  We  may  however  get  a  very  near  approx- 
imation thus.  Find  the  time  when  the  planet  would  be  stationary  if  the  orbits 
were  circular,  and  compute  for  several  days,  about  that  time,  the  geocentric 
place  of  the  planet,  so  that  you  get  two  days,  on  one  of  which  the  planet  was 
direct  and  on  the  other  retrograde,  in  which  interval  it  must  have  been  station- 
ary, and  the  point  of  time  when  this  happened  may  be  determined  by  interpo- 
lation. The  arc  of  retrogradation  must  manifestly  be  different  in  different  parts 
of  the  orbit.  M.  de  la  Lande  has  given  us  the  following  circumstances  re- 
specting the  stationary  situations,  and  retrograde  motions  of  the  planets.  The 
^rst  stationary,  means  the  stationary  position  after  the  planet  has  been  direct ; 
and  the  second  stationary,  after  it  has  been  retrograde.  The  titles  above  show 
the  places  of  the  planet  and  the  earth  in  their  orbits  when  the  planet  is  jfirst 
stationary ;  all  other  elongations  at  the  time  they  are  stationary,  arcs  and  du- 
rations of  retrogradation,  must  necessarily  be  contained  within  these  limits.  If 
the  time  of  retrogradation  be  subtracted  fi*om  the  time  of  a  synodic  revolution, 
the  remainder  gives  the  time  in  which  the  motion  of  the  planet  has  been  cUrect. 


MERCURY. 

^  in  perihelion  ^  in  aphelion 
0in  aphelion                       0in  perihelion- 
Elongation  at  the  first  stationary     -     -     IS"".  23'.  34'  -     -     -    1 8^  39'.  23" 

: —  second  stationary     -     20.  50.  55  -     -     -    14.  48.  39 

Arc  of  retrogradation         -         -         -      15.  43.  58  -     -     -      9.  21.  56 

Duration  of  retrogradation         -         -      2ldays\2h.  -    -     -  23daysl2h. 


VENUS. 

$  in  perihelion  $  in  aphelion 

0in  aphelion  Qin  perihelion 

Elongation  at  the  first  stationary    -    -     29^.    6'.  42"  -    -    -    28^.  28'.    O" 

— second  stationary     -     29.  40.  42  .    -    -    27.  41.    O 

Arc  of  retrogradation         -        -        -      17.  12.  15  -     -     -    14.  35.  58 

Duration  of  retrogradation        -        -      4f3daysl2h.  -    -    -    40  days  21  h 


MARS. 


Elongation  at  the  first  stationary 
■■  second  station. 

Arc  of  retrogradation 
Duration  of  retrogradation 


t  in  perihelion 
0iu  aphelion 

.     4^25^    3'.     9' 
.    4.  26.  36.  51 
O.   10,     6.   11 
60  dajfs  1 8  hours 


i'm  aphelioo 
@in  perihelioQ 

4\  10^  18'.  5£t 
4.  8.  44.  20 
O.    19.  34.  38 

80  days  15  hours 


JUPITER. 


^ngation  at  the  first  stationary 
*  ■■  <■'■  second  station. 

Arc  of  retrogradation 
Duration  of  retrogradation 


1(  in  perihelion 
@in  aphelion 

.    4'.    0°.    7'.  47" 
.    3.  S6.  41.  49 
O.     9.  51.  30 
116  days  IS  hours 


%  in  aphelion 
@in  perifaelioti 

.  S*.  24^  2*.  3S 
.  3.  83.  35.  18 
»  O.  9.  59.  23 
IM  days  12  hours 


SATURN. 


Elongation  at  the  &8t  stationary 

second  station. 

Arc  of  retrogradation 

of  retrogradation 


"k  in  perihelion 
@in  aphelion 

.     3\  20\  19'.  38" 

.     3.  20.  45.  50 

O.     6.  55.  44 

135  days  9  hours 


1^  in  aphelion 
@in  perihelion 

.    3'.  17^5r.     5* 

.    3.  17.  24.  48 

.    O.     6.  40.  39 

13S  days  18  hours 


GEORGIAN. 


Elongation  at  the  first  stationary 
■  second  station. 

Arc  of  retrogradation 
Doration  of  retrogradation 


9  in  perihehon 
@in  aphelion 

3*.  12°.  23' 
3.   15.     5 
0.     4.   13 
ISld.  12h. 


^in  aphelioQ 
Gin  perihdioQ 

-  3'.  13\38' 

-  3.  13^  47 
.  O.  4.  S 
.  149tf.  18^ 
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SI 4.  To  find  the  time  when  a  planet  is  stationary,  we  must  know  the  time 

of  its  opposition,  or  inferior  conjunction.    Let  m  and  n  be  the  daily  motions  of 

the  earth  and  planet,  and  v  the  angle  PSE  when  the  planet  is  stationary ;  then 

m — n,  or  71 — w,  is  the  daily  variation  of  the  angle  at  the  sun  between  the  earth 

and  planet,  according  as  it  is  a  superior  or  inferior  planet ;  hence  m — n,  or  n — 

v            V 
m,  :  t; : :  1  day  : or the  time  from  opposition  or  conmnction  to  the 

stationary  points  both  before  and  after.     Hence,  the  planet  must  be  stationary 
twice  every  synodic*  revolution. 

Ex.  Let  P  be  the  earth,  E  Venus  ;  then  by  the  Example  to  Art.  313.  the 
angle  5P£=28^  5l',5,  therefore  PiS£=13°;  also  w-m=37';  hence  37'  :  18"* 
::  1  day  :  21  days  the  time  between  the  inferior  conjunction  and  the  stationary 
positions. 

315.  If  the  elongation  be  observed  when  stationary,  we  may  find  the  dis- 
tance of  the  planet  from  the  sun,  compared  with  the  earth's  distance,  supposed 

to  be  unity.     For  (313)  ^*  =   ,      — ;  hence,  «*  H--^  x  fl=-^    ^   =rif  t 
=the  tangent  of  the  angle  whose  sine  is  x)  a*  -  i^a=zf ;  consequently  a=^  /* 

+  '  \/l  +  — -,  upon  the  supposition  of  circular  orbits. 
4 

316.  A  superior  planet  is  retrograde  in  opposition,  and  an  inferior  planet  in  its      fig. 
inferior  conjunction.     For  let  E  be  the  earth,  P  a  superior  planet  in  oppo-       69. 
sition ;  then  as  the  velocities  are   in  the  inverse  square  roots  of  the  radii  of 

the  orbits,  the  superior  planet  moves  slowest ;  hence,  if  jEjF,  PQ  be  two  inde* 
finitely  small  cotemporary  arcs,  PQ  is  less  than  EFj  and  on  account  of  the  im- 
mense distance  of  the  sphere  YZ  of  the  fixed  stars,  FQ  must  cut  EP  in  some 
point  o!  between  P  and  w,  consequently  the  planet  has  appeared  to  move  retro- 
grade from  m  to  n.  If  P  be  the  earth,  and  E  an  inferior  planet  in  inferior  con- 
junction, it  will  have  appeared  to  have  moved  retrograde  from  v  to  w.  Hence, 
from  tiiis  and  the  last  Article,  a  superior  planet  appears  to  move  retrograde  from 
its  stationary  point  before  opposition  to  its  stationary  point  after  j  and  an  inferior 
planet,  from  its  stationary  point  before  inferior  conjunction  to  its  stationary 
point  after. 

317.  If  5 be  the  sun,  E  the  earth,  F  Venus  or  Mercury,  and  EV ^  tangent  fio# 
to  the  orbit  of  the  planet,  then  will  the  angle  SE  Fbe  the  greatest  elongation  of  10. 
the  planet  from  the  sun  ;  which  angle,  if  the  orbits  were  circles  having  the  sun 

*  A  Synodic  revolution  is  the  time  between  two  conjunctions  or  oppositions  of  a  planet 
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in  their  center,  would  be  found  by  sajdng,  ES  :  »SF::rad.  :  sin.  SEV.  But 
the  orbits  are  not  circular,  in  consequence  of  which  the  angle  EVS  will  not  be 
a  right  angle,  unless  the  greatest  elongation  happens  when  the  planet  is  at  one 
of  its  apsides.  The  angle  SEVis  also  subject  to  an  alteration  from  the  vari- 
ation of  SE  and  SV.  The  greatest  angle  SEV  happens,  when  the  planet  is  in 
its  aphelion  and  the  earth  in  its  perigee  ;  and  the  least  angle  SEVj  when  the 
planet  is  in  its  perihelion  and  the  earth  in  its  apogee.  M.  de  la  Lande  has 
calculated  these  greatest  elongations,  and  finds  them  47®.  48'  and  44**.  57'  for 
Venus  J  and  28^.  20'  and  17**.  36'  for  Mercury.  If  we  take  the  mean  of  the 
greatest  elongations  of  Venus,  which  is  46°.  22',5,  it  gives  the  angle  VSE=4f3^. 
SYjS ;  and  as  the  difference  of  the  daily  7nean  motions  of  Venus  and  the  earth 
about  the  sun  is  37',  we  have  37'  :  43°.  37',5 : :  1  day  :  70,7  days,  the  time  that 
would  elapse  between  the  greatest  elongations  and  the  inferior  conjunction, 
if  the  motions  had  been  uniform,  which  will  not  vary  much  from  the  true 
time. 

Dr.  Maskelyne  gives  the  following  rule  for  finding  the  time  of  the  greatest 
elongation  of  an  inferior  planet.  Take  the  difference  of  the  sun's  and  that  of 
the  planet's  longitude  for  every  three  days,  about  the  time  of  the  greatest  elon- 
gation, and  note  on  which  day  (the  25th  in  this  example  for  Mercury)  the 
elongation  is  the  greatest  (2 1^  56').  Then  as  the  elongation  was  greater  on 
the  28th  than  on  the  22nd,  the  28th  was  nearer  the  greatest  elongation  than 
the  22nd.  The  greatest  elongation,  therefore,  was  afler  the  25th,  and  call  the 
time  (the  decimal  of  a  day)  h;  and  the  greatest  elongation,  21^  56' +  t. 
Hence,  on  the  22nd,  the  distance  of  the  time  to  the  greatest  elongation,  was 
3  + A;  and  the  difference  firom  the  greatest  elongation,  was  21%  56'+^  — 2 1% 
3l'=25'  +  j'. 
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June. 

©  's  Long. 

Mer.  Long. 

Elong. 

16 

2'.  24\  22' 

2*.  5°.  41' 

18°.  41' 

19 

2.  27.  14 

2.   6.  48 

20.  26 

22 

3.   0.   6 

2.   8.  35 

21.  31 

25 

8.   2.  58 

2.  11,   2 

21.  56 

28 

3.   5.  49 

2.  14.   6 

21.  43 

On  the  28th,  the  distance  of  time  from  the  greatest  elongation,  was  21%  56'-r4> 
—  21%  43'  =  13'-f  0^.  Therefore,  on  the  22d,  25th,  28th,  the  intervals  from  the 
times  of  the  greatest  elongation,  and  the  excesses  of  the  greatest  elongatioi^ 
above  the  computed  elongations,  were  3  +  h,  A,  3  —  A  and  25'  -f  x,  »r,    1 3'  +  »r 
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riespectively ;  but  as,  for  smali  quantities,  the  spaces  vary  very  nearly  as  the 
squares  of  the  times,  9-i-6A  +  ii*  :  A*::25-h^  :  a?,  and  A*  :  9-6A  +  A*::a:  :  13' 
-for;  hence,  h^illzz-?^  o£9l  day,  the  time  after  the  25th  for  the  greatest  elon- 

gationrzlli^  hours;    and  a?i=:13'x ^  =  28",  and  the  greatest  elongation 

is  21^  S6'.  28". 

318.  To  delineate  the  appearance  of  a  planet  at  any  time.  Let  S  be  the  sun,  pxo. 
£  the  earth,  V  Venus,  for  example,  aVb  the  plane  of  illumination  perpendicu-  71. 
lar  to  SVjcVd  the  plane  of  vision  perpendicular  to  JSF,  and  draw  av  perpendi- 
cular to  cd  ;  then  ca  is  the  breadth  of  the  visible  illuminated  part,  which  is  pro- 
jected intow,  the  versed  sine  of  cFa,  or  6FZ,  for  SVc  is  the  complement  of 
each.  Now  the  circle  terminating  the  illuminated  part  of  the  planet,  being  seen 
obliquely,  appears  to  be  an  ellipse ;  therefore  if  cmdii  represent  the  projected 
hemisphere  of  Venus  next  to  the  earth,  mn^  cdy  two  diameters  perpendicular  to 
each  other,  and  we  take  cv=the  versed  sine  of  AFZ,  and  describe  the  ellipse 
mtmj  then  mcnvm  will  represent  the  visible  enlightened  part,  as  it  appears  at 

the  earth  ;    and  from  the  property  o£  the  ellipse,   this   area   varies   as   cv. 
Hence,  Ihe  visible  entightefied  part :  the  whole  disc : :  the  versed  sine  of  S  VZ  : 
diaimeier. 

Hence,  Mercury  and  Venus  will  have  the  same  phases  from  their  inferior  to 
their  superior  conjunction,  as  the  moon  has  from  the  new  to  the  full ;  and  the 
same  from  the  superior  to  the  infericH*  conjunction,  as  the  moon  has  from  the 
full  to  the  new.  Mars  will  appear  gibbous  in  quadratures,  as  the  angle  is  VZ- 
will  then  differ  considerably  from  two  right  angles,  and  consequently  the  versed 
sine  from  the  diameter.  For  Jupiter  y  Saturn  and  the  Georgian^  the  angle  SVZ 
never  differs  enough  £rom  two  right  angles  to  make  them  appear  gibbous^  so 
that  they  always  appear  to  shine  with  a  full  face. 

319.  Let  V  be  the  moon  ;  then  as  £  F  is  very  small  compared  with  VSy  £S^ 
these  lines  will  be  very  nearly  parallel,  and  the  angle  SVZ  very  nearly  equal  to 
SMV;  hence,  the  visible  enlightened  part  qf  the  moon  varies  very  nearly  as  the 
yoersed  sine  of  its  elongation. 

320.  Dr.  Halley  proposed  the  following  Problem  :  To  find  the  position  of 
Venus  when  brightest,  supposing  its  orbit,  and  that  of  the  earth,  to  be  circular, 
having  the  sun  in  the  center.  Draw  Sr  perpendicular  to  EVZ^  and  put  a=zSJEy 
k=SVj  a'=EVyy^=Vr  ;  then  b--y  is  the  versed  sine  of  the  angle  SVZ;  and 
as  the  intensity  of  light  varies  inversely  as  the  square  of  its  distance,  the  quan- 
tity of  liglit  received  at  the  earth  varies  as  -^  =  --  —  JL  ;    but  by  Euclid,  B. 

H.  P.  12.  a^=:b*  +  o:^  +  2ay ;  hence,  y= _  j  substitute  this  for  y,  and 
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We  get  the  quantity  of  light  to  be  as  A  -  fl'-y-^^2&r-a'  +  y +4:'  ^ 


maximum ;  put  the  fluxion  equal  to  nothing,  and  a:=z^Sa*  -f  6*  —  2b.  Now  if 
«=  1,  fc=,723S3  as  in  Dn  Halley's  Tables,  then  .r  =  , 43036  ;  hence,  the  angle 
£5r=22°.  21';  but  the  angle  .E^F  at  the  time  of  the  planet's  greatest 
elongation  is  43°.  40' ;  hence,  Venus  is  brightest  between  its  inferior  con- 
junction and  its  greatest  elongation  ;  also,  the  angle  SEVzz  39°.  44'  the  elonga- 
tion of  Venus  from  the  sun  at  the  same  time.  The  angle  SVZzz  VSE  +  VBS:=z 
62°.  5*,  the  versed  sine  of  which  is  0,53,  radius  being  unity;  hence  (818), 
the  visible  enlightened  part  :  whole  disc;: 0^53  :  2;  Venus  therefore  appears  a 
little  more  than  one  fourth  illuminated,  and  answers  to  the  appearance  of  the 
moon  when  five  days  old.  The  diameter  of  Venus  is  about  39",  and  therefore 
the  enlightened  part  is  about  10",25.  At  this  time,  Venus  is  bright  enough 
to  cast  a  shadow  at  night.  This  situation  happens  about  36  days  before  and 
afler  its  inferior  conjunction ;  for  the  daily  variation  of  the  angle  ESV  is  the 
difference  of  the  daily  motions  of  the  earth  and  Venus  about  the  sun,  which 
(taking  their  mean  motions)  is  37';  an  angle  ^/SF  therefore  of  22°.  21'  corres- 
ponds to  about  S6  days.  It  passes  the  meridian  about  2/i.  31'  before  or  after 
the  sun,  according  as  we  take  the  situation  afler  or  before  the  inferior  conjunc- 
tion. If  instead  of  supposing  Venus  and  the  earth  at  their  mean  distances,  we 
suppose  Venus  in  its  perihelion  and  the  earth  in  its  apogee,  the  elongation  of 
Venus  when  brightest  would  be  39°.  6' ;  and  if  Venus  were  in  its  iqphelion  and 
the  earth  in  its  perigee,  it  would  be  40°.  20'.  Memoirs  de  Berlin^  1750. 

321.  If  we  apply  this  to  Mercury,  4 =,31 71,  and  j:=  1,00058;  hence,  the 
angle  J5iSF=78°.  SS^ti  but  the  same  angle  at  the  time  of  the  planet^s  greatest 
elongation  is  67°.  13'i.  Hence,  Mercury  is  brightest  between  its  greatest  elon« 
gation  and  superior  conjunction.  Also,  the  angle  «S'£F=:22°.  18'|  the  elonga- 
tion of  Mercury  at  that  time. 

322.  When  Venus  is  brightest,  and  at  the  same  time  is  at  its  greatest  north 
latitude,  it  can  then  be  seen  with  the  naked  eye  at  any  time  of  the  day;  for 
when  its  north  latitude  is  the  greatest,  it  rises  highest  above  the  horizon,  and 
therefore  is  more  easily  seen.  This  happens  (325)  once  in  about  eight  years, 
Venus  and  the  earth  returning  nearly  to  the  same  parts  of  their  orbits  after  that 
interval  of  time. 

323.  Verms  is  a  morning  star  from  inferior  to  superior  conjunction,  and  ba 
FIG.  evening  star  from  superior  to  inferior  conjunction.  For  let  S  be  the  sun,  E  the 
72.  earth,  ACBD  the  orbit  of  Venus,  anw,  csn^  two  tangents  to  the  earth,  repre- 
senting the  horizon  at  each  place.  Then  the  earth  revolving  about  its  axis 
according  to  the  order  abc^  when  a  spectator  is  at  a,  tlie  part  rCm  of  the  orbit 
of  Venus  is  above  the  horizon,  but  the  sun  is  not  yet  risen ;  therefore  Venus, 
in  going  from  r  through  C  to  wi,  appears  in  the  morning  before  sun  rise.     When 
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the  spectator  is  carried  by  the  earth's  rotation  to  c,  the  sun  is  then  set,  but  the 
part  nDs  of  Venus'  orbit  is  still  above  the  horizon  ;  therefore  Venus,  in  going 
from  n  through  D  to  5,  appears  in  the  evening  after  sun  set. 

324.  If  two  planets  revolve  in  circular  orbits,  to  find  the  time  from  conjunc- 
tion to  conjunction.  Let  P=the  periodic  time  of  the  earth,  ^=:  that  of  the 
planet,  suppose  an  inferior,  /=:the  time  required.      Then  P  :  1  day::  360°  : 

— ^-the  angle  described  by  the  earth  in  1  day ;  for  the  same  reason, is  the 

angle  described  by  the  planet  in  1  day  j  hence, — -  is  the  daily  an- 
gular velocity  of  the  planet^ow  the  earth.  Now  if  they  set  out  from  conjunc- 
tion, they  will  return  into  conjunction  again  after  the  planet  has  gained  360° ; 

.  360°     360°       ^  o  ,         .       P/>         T^  .  , 

hence,    _——-  :  360  ::  l    day  :  f  =  ^,  ^  .      For  a  superior    planet,    /= 

pP 

^      .     This  will  also  give  the  time  between  two  oppositions,  or  between  any 

two  similar  situations. 

325.  To  find  the  time  when  a  planet  and  the  earth  return  to  the  same  point 
of  the  Heavens.  Find,  from  a  Table  of  their  mean  motions,  a  number  of  years 
agreeing  to  a  complete  number  of  revolutions  of  the  planet.  Now  Mercury 
in  1 3  years,  (of  which  three  are  bissextiles)  and  three  days,  make  54  revo- 
lutions and  2°.  55'  over;  and  the  earth  has  made  13  revolutions  and  2°.  49 
over.  In  this  time  therefore  the  earth  and  Mercury  return  to  the  same  situa- 
tion in  the  heavens,  very  nearly.  It  will  be  13  years  and  two  days,  if  there  be 
four  bissextiles.  Venus j  after  a  space  of  eight  years,  is  found  within  1°.  32'  of 
the  same  place,  and  the  earth  within  4'.  MarSj  in  15  years  wanting  18  days, 
has  changed  its  place  11*.  11°.  26',  and  the  earth  11*.  11°.  38';  if  there  have 
been  four  bissextiles,  it  will  be  15  years  wanting  19  days.  But  in  79  years 
and  4  days,  supposing  there  are  20  bissextiles.  Mars  returns  to  the  same 
situation  within  3°.  39',  and  the  earth  within  3°.  48'.  Jupiter  in  83  years  re- 
turns to  the  same  point  within  1 2',  and  the  earth  within  6'.  The  period  of  1 2 
years  5  days  approaches  very  near,  for  Jupiter  has  in  that  time  made  4°.  4?' 
above  one  revolution,  and  the  earth  5°.  l'  above  12  revolutions.  Saturn  in  59 
years  and  two  days  returns  to  the  same  situation  within  1°.  45',  and  the  earth 
within  1°.  41'.  M.  de  la  Lande,  who  has  given  these  returns  of  the  planets 
and  earth  to  the  same  point  of  the  Heavens,  has  also  added  the  following 
Grand  Conjunctions. 

On  May  22,   1702,  Jupiter  and  Saturn  were  within  1°.  4'  of  each  other. 
Miscel.  Berolin.  p.  217. 

On  February  11,   1524,  Venus j  MarSj  Jupiter  and  Saturn  were  very  near 
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each  oth6^«  and  Mercury  not  above  1 6°  firom  them,  according  to  liie  ]^[>iie- 
mens  (^  Stoffler* 


On  November  11,  1544,  Mercury^  Venusy  Jupiter  and  Saturn  were  within  the 
space  of  10°. 

On  March  17,  1725,  Mercury^  Venus^  Mars  and  Jupiter  appeared  within  the 
same  telescope.    Souciet,  Obs.  Mathem.  T.  1.  p.  lOS. 

On  December  33,  1769,  Venus^  Mars  and  Jupiter  were  within  1®  of  each 
other. 


CHAP.  XVIII. 

ON  THE  MOON'S  MOTION  FROM  OBSERVATION,   AND  ITS  PH^flSNOMENA. 

Art.  326.  J-  HE  moon  being  the  nearest,  and  most  remarkable  body  in  our 
system  next  to  the  sun,  and  also  useful  for  the  division  of  time,  it  is  no  wonder 
that  the  ancient  Astronomers  were  attentive  to  discover  its  motions ;  and  it 
is  a  very  fortunate  circumstance,  that  their  observations  have  come  down  to  us, 
as  from  thence  its  mean  motion  can  be  more  accurately  settled,  than  it  could 
have  been  by  modem  observations  only  ;  and  it  moreover  gave  occasion  to  Dr. 
Halley,  from  the  observations  of  some  ancient  eclipses,  to  discover  an  acce- 
leration in  its  mean  motion.  The  proper  motion  of  the  moon  in  its  orbit  about 
the  earth  is  from  west  to  east ;  and  from  comparing  its  place  with  the  fixed  stars 
in  one  revolution,  it  is  found  to  describe  an  orbit  inclined  to  the  ecliptic ;  its 
motion  also  appears  not  to  be  uniform  ;  and  the  position  of  the  orbit,  and  the 
line  of  its  apsides  are  observed  to  be  subject  to  a  continual  change.  These  cir- 
cumstances, as  they  are  established  by  observation,  we  come  now  to  explain ; 
the  physical  causes  thereof  will  afterwards  become  the  subject  of  our  consider- 
ation. 

To  determine  the  Place  of  the  MoorCs  Nodes. 

827.  First  Method.    Let  AE  be  the  ecliptic,  A  the  first  point  of  Aries,  OL     fig, 
the  moon's  oibit,  N  the  node,  m  the  place  of  the  moon  in  its  orbit  when  it      7S. 
passes  the  meridian  on  the  day  before  it  comes  to  the  ecliptic,  n  the  place  when 
it  passes  the  day  after,  and  draw  mv^  nw  perpendicular  to  EA.     Find  (124) 
its  latitudes  mv^  nw  on  these  two  days,  and  its  longitudes  Av,  Aw;  then  mv  + 
nw  :  mv : :  vw : :  vN,  which  added  to  Av  gives  the  longitude  of  the  node.     To 
find  the  time  when  the  moon  is  in  the  node,  we  have  vw  :  vN::  the  interval  of 
time  between  the  passages  of  the  moon  over  the  meridian  :  the  interval  from 
the  time  of  the  first  passage  over  the  meridian  tiH  it  comes  to  the  node  ;  this 
interval  therefore  added  to  the  time  of  that  passage,  gives  the  time  of  the  pas- 
sage through  the  node. 

328.  Second  Method.  In  a  central  eclipse  of  the  moon,  the  moon's  place  at 
the  middle  of  the  eclipse  is  directly  opposite  to  the  sun,  and  the  moon  must 
also  then  be  in  the  node  j  calculate  therefore  the  true  place  of  the  sun,  or 
which  is  more  exact,  find  its  place  by  observation,  and  the  opposite  point  will 
be  the  true  place  of  the  moon,  and  consequently  tl\e  place  of  its  node. 
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Ex.  M.  Cassini,  in  his  Astronomy,  pag.  281,  informs  us,  that  on  April  6, 
1707,  a  central  eclipse  was  observed  at  Paris,  the  middle  of  which  was  deter- 
mined to  be  at  1 SA.  48  apparent  time.  Now  the  true  place  of  the  sun  calcu- 
lated for  that  time  was  O'.  26*".  19'.  17';  hence,  the  place  of  the  moon's  node 
was  6\  26°.  1 9'.  1 7".  The  moon  passed  from  north  to  south  latitude,  and  there- 
fore this  was  the  descending  node. 

FIG.  329.  Third  Method.    To  find  the  place  of  the  node  by  a  partial  ech'pse. 

74.  Find,  by  observation,  the  magnitude  AB  of  the  eclipse  at  the  middle,  and  sub- 
tract it  from  the  semidiameter  AD  of  the  earth's  shadow,  and  we  have  DB,  to 
which  add  BC  the  semidiameter  of  the  moon,  and  we  have  CD.  Now  at  the 
time  of  a  lunar  eclipse,  we  may  suppose  the  angle  CND=i5^.  17',  from  which 
it  will  never  differ  but  a  very  little.  Hence,  in  the  right  angled  triangle  DCN^ 
right  angled  at  C,  we  have  DC  and  the  angle  DNC^  to  find  DN ;  and  as  the 
point  D  is  opposite  to  the  true  place  of  the  sun,  which  is  known  by  computa- 
tion, the  place  N  of  the  node  will  be  known. 

Ex.  On  March  26,  1717,  the  middle  of  an  eclipse  was  observed  at  Paris  at 
I5h.  16',  and  the  digits  ecUpsedwere  111  towards  the  north.  Now  the  semidi- 
ameter of  the  moon  was  15'.  46",  and  that  of  the  shadow  42'.  48* ;  hence,  12 
dig.  :  7iJ  dig.  ::3l'.  32''  the  diameter  of  the  moon  :  19'.  S'^zAB;  tlierefbre 
JBZ)  =  23'.  35",  to  which  add  BC=15'.  46%  and  we  have  CD  =  39'.  21",  which 
is  south,  because  the  shadow  upon  the  moon  is  towards  the  north.  Hence,  in 
the  right  angled  triangle  DCN^  we  have  CZ)  =  39'.  21",  and  the  angle  2^=5®* 
17',  consequendy  DNzzT.  8'.  26",  which  is  the  distance  of  the  center  of  the 
earth's  shadow  from  the  ascending  node,  because  the  shadow  of  the  earth  is  on 
the  north  side  of  the  moon  and  the  latitude  is  decreasing.  Now  the  true  place 
of  the  sun  at  that  time  was  O*.  6**.  20'.  43",  and  therefore  the  true  place  of  the  cen- 
ter D  of  the  earth's  shadow  was  6'.  6^  20'.  43",  to  which  add  DN=1''.  8'.  26* 
and  we  get  the  true  place  of  the  ascending  node  of  the  moon  to  be  in  6\  1  S^ 
29'.  9".  M.  de  la  Lande  makes  the  epoch  of  the  ascending  node  for  1780,  to 
be  2*.  0°.  3'.  2". 

On  the  Mean  Motion  of  the  Nodes. 

330.  To  determine  the  mean  motion  of  the  nodes,  find  (327)  the  place  oT 
the  nodes  at  diflerent  times,  and  it  will  give  their  motion  in  the  interval.     We 
must  first  compare  the  places  at  a  small  interval,  to  get  nearly  their  mean  mo- 
tion, and  then  at  a  greater  interval  to  get  it  more  accurately.  Now  on  April  16, 
1707,  at  13A.  48'  at  Paris,  the  ascending  node  was  in  O*.  26^   19';  and  on 
March  26,  1717,  at  15A.  16',  the  place  of  the  same  node  was  in  6*.  13^  29' j 
also  by  an  ecUpse  observed  at  the  same  place  on  September  9,  1718,  at  SA.  4', 
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was  5*.  16^.  40' ;  and  as  the  motion  of  the  nodes  is  retrograde,  the  node  in  tlus 
latter  case  wants  23°.  48'  of  being  up  to  the  place  of  the  node  in  the  former 
case ;  consequently  in  this  interval  of  time,  which  is  2437  years  (of  which  608 
were  bissextiles)  I9d.  2h.  16',  tlie  nodes  made  a  certain  number  of  revohitioiir 
and  336^  12'  over.  Now  Art.  330.  gives  3'.  10"  for  the  mean  diurnal  motion 
of  the  nodes,  and  consequently  in  the  above  time,  tlie  nodes  must  have  made 
131  complete  revolutions;  if  therefore  we  divide  2437^.  I9d.  2h.  l&  hy  131 
revolutions  336°.  12',  it  gives  6798rf.  7 A-  for  the  time  of  a  mean  revolution  of 
the  nodes;  hence,  if  we  divide  6798(/.  1h.  by  365rf.  it  gives  19°.  19'.  45"  for  the 
mean  motion  of  the  nodes  in  a  common  year  of  365  days;  and  if  we  divide  19**. 
19'.  45*  by  365,  it  gives  3'.  10'.  38"'  for  the  mean  daily  motion  of  the  nodes. 
This  differs  only  38'"  from  the  motion  determined  from  the  observations  in  1707 
and  1718.  The  motion  of  the  nodes  is  not  uniform ;  certain  equations  there- 
fore are  necessary  to  be  applied  to  the  mean  place  in  order  to  get  the  true  place 
at  any  time.     Mayer  in  his  Tables  makes  the  mean  annual  motion  19°.  19^. 

43%1. 

If  we  examine  the  motion  of  the  nodes  from  the  eclipses  on  March  8,  and 
September  1,719  years  before  J.  C.  it  gives  3'.  10\  20'*'  far  their  mean  daily 
motion.  We  have  no  reason  therefore  to  think,  that  tlie  mean  motion  of  the 
nodes  is  subject  to  any  change. 


On  tlie  Inclination  of  the  Orbit  of  tJie  Moon  to  tlie  EclipUc. 

332.  To  determine  the  inclination  of  the  orbit,  observe  the  moon's  right 
ascension  and  declination  when  it  is  90°  from  its  nodes,  and  thence  compute 
its  latitude  (124),  which  will  be  the  incUnation  at  that  time.  Repeat  the  ob- 
servation for  every  distance  of  the  sun  from  the  earth,  and  for  every  position 
of  the  sun  and  moon  in  respect  to  the  moon's  nodes,  and  you  will  get  the  in- 
clination at  those  times.  From  these  observations  it  appears,  that  the  incli- 
nation of  the  orbit  to  the  ecliptic  is  variable,  and  that  the  least  inclination 
is  about  5°,  which  is  found  to  happen  when  the  nodes  are  in  quadratures ; 
and  the  greatest  is  about  5°.  1 8',  which  is  observed  to  happen  when  the  nodes 
are  in  syzygies.  The  inclination  is  found  also  to  depend  upon  the  sun's  dis- 
tance from  tlie  earth. 


On  the  Mean  Motion  of  the  Moon. 

333.  The  mean  motion  of  tlie  moon  is  found  from  obser\ing  its  place  at  two 
diflFerent  times,   and  you  get  the  mean  motion  in  that  interval,  supposing  th^ 
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tral  eclipse ;  it  is  sufficiently  accurate,  however,  for  this  long  interval.  From 
the  unequal  angular  motion  of  the  moon  about  the  earth,  the  hourly  motion' 
of  the  moon  is  subject  to  change  from  29'.  55"  to  38'.  22" ;  the  excentridty 
of  the  orbit  produces  a  variation  of  s'.  36'' ;  the  evection  produces  one  of 
42",  and  the  variation  produces  one  of  40".  The  corrections  for  all  the  inequa* 
lities  of  the  moon's  motion  will  be  found  in  the  Tables  of  the  moon. 

337.  Hence,  to  find  the  mean  motion  for  any  other  time,  say,  the  interval 
between  the  eclipses  2437y.  174^/.  wanting  46'  :  any  other  time ::  32585  revo- 
lutions 6*.  6^  12'  :  the  mean  motion  in  that  time.  Tliis  is  more  exact  than 
taking  the  mean  diurnal  motion  J3''.  10'.  35"  and  multiplying  it  by  the  time, 
as  small  errors  are  thus  multiplied  and  become  considerable.  M.  de  Lambre 
makes  the  secular  motion  to  be  10'.  7"".  53'.  12",  which  M.  de  la  Lande  uses 
in  his  Tables.  Mayer  in  his  Tables  makes  it  10*.  T.  53'.  35*.  In  this  motion 
of  100  years,  25  are  supposed  to  be  bissextiles. 

338.  As  the  precession  of  the  equinoxes  is  50",25  in  a  year,  or  about  4"  in  a 
month,  the  mean  revolution  of  the  moon  in  respect  to  the  fixed  stars  must  be 
greater  than  that  in  respect  to  the  equinox  by  the  time  the  moon  is  describing 
4"  with  its  mean  motion,  which  is  about  7".  Hence,  the  time  of  a  sidereal 
revolution  of  the  moon  is  27 d.  7h.  43'.  12".         . 

339.  M.  de  la  Lande  has  determined  the  revolution  in  respect  to  the  equi- 
noxes to  be  27^.  7/i.  43'.  4",6795,  which  does  not  differ  j^"  from  the  above ; 
and  hence  he  makes  the  sidereal  revolution  27 d.  7h.  43'.  ir,5259.  Hence, 
the  mean  synodic  revolution  (324)  is  29d.  I2h.  44'.  2",8283.  If  we  take  unity 
to  represent  the  mean  motion  of  the  moon  in  respect  to  the  fixed  stars^' 
then  will  0,004021853526  represent  the  motion  of  the  node,  found  by 
comparing  their  mean  motions ;  hence,  as  the  nodes  move  retrograde,  the  side- 
real revolution  of  the  moon,  27 d.  .7h.  43'.  ll",5259,  :  its  revolution  in  respect 
to  its  nodes::  1,004021853526  :  1,  the  moon  approaching  the  node  with  the 
sum  of  the  velocities ;  hence,  the  revolution  of  the  moon  in  respect  to  the 
nodes  is  27^.  5h.  5'.  35",603.  This  is  the  determination  of  the  mean  revolu- 
tions to  the  beginning  of  this  century. 


To  determine  Hie  Place  qftlie  Moon's  Apogee j  and  the  Equation  of  its  Orbit. 

340.  Compare  the  observed  place  of  the  moon  at  any  time  with  the  place 
observed  at  any  time  afterwards;  take  the  mean  motion  correspondii^  to. 
the  interval  of  time,  and  add  it  to  the  moon's  place  at  the  first  observation,, 
and  the  difference  between  that  sum  and  the  moon's  place  at  the  second  obser*^ 
vation  shows  the  effect  of  the  equation  of  the  orbit  between  these  two  situations 
of  the  moon.  Repeat  this  for  a  great  many  intervals,  and  mark  those  where 
the  difference  between  the  sum  before  mentioned  and  the  moon's  true  place  is 
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greatest  both  in  excess:  and  defect.  If  -the  greatest  excess  and  defect  be 
^ual,  it  is  a  proof  that  at  the  time  of  the  fint  observation,  the  moon  was 
in  its  apogee  or  perigee,  and.  that  its  true  and  mean  places  were  the  same.  In 
this  case  each  of  these  differences  is  the  greatest  equation  of  the  moon^s  orbit. 
Jf  the  greatest  excess  and  defect  be  not  equal,  half  the  sum  will  measure  the 
greatest  equation ;  and  if  from  the  greatest  equation  we  subtract  the  least  of 
the  difierences,  we  shall  have  the  equation  of  the  moon  at  the  time  of  the  first 
observation.  M.  Cassini  uses  the  place  of  the  moon  as  determined  from  its 
eclipses,  selecting  those  which  were  proper  for  this  purpose;  and  although 
the  apogee  has  moved  in  the  interval,  yet,  as  the  true  and  mean  place  of  the 
jnoon  always  coincide  at  the  apogee,  it  will  not  afiect  the  conclusion.  Ekm. 
d^Astron.  pag.  297.  ' 

341.  Hence,  to  find  the  place  of  the  apogee,  let  AMPV  be  the  orbit  of  the  fig. 
moon,  A  the  apogee,  P  the  perigee,  C  the  center  of  the  orbit,  T  the  earth  ^^' 
in  the  focus,  F  the  other  focus,  ikf  the  place  of  the  moon  at  the  time  of  the 

first  observation ;  produce  TM  to  jB,  take  MRss^MF^  and  join  RF.  From 
the  greatest  equation  find  (231)  the  ratio  o{  AC  to  CT;  this  being  koown,  we 
have,  TF  :  TR ::  sin,  TRF  :  sin.  TFR,  or  AFR;  now  FRT=^FMT€tie  equa- 
tion  of  the  moon  at  the  first  observation,  upon  the  simple  elliptic  hypothesis 
(227)}  hence,  we  know  AFRj  from  which  subtract  FRTy  and  we  get  ATM 
the  moon's  distance  from  its  apogee. 

342.  Let  the  first  eclipse,  with  which  the  others  are  to  be  compared,  be  a 
total  one,  the  middle  of  which  happened  at  Paris  on  December  10,  1685,  at 
lOh.  38'.  10"  mean  time.  The  true  place  of  the  sun  at  that  time,  by  cal- 
culation, was  8'.  l9^  40',  and  consequently  the  moon's  place  was  2M9^  4€(. 
Let  the  next  eclipse  be  the  total  one  on  May  16,  1696,  the  middle  of  which 
was  I2h.  7'.  56"  mean  time  at  Paris,  and  the  moon's  place  was  7*.  26^  53'.  35*. 
Now  in  tliis  interval  of  10  years  (of  which  3  were  bissextiles)  157rf.  lA.  29'.  46"f 
the  mean  motion  of  the  moon,  omitting  the  complete  revolutions,  was  5'.  12^ 
53'.  10';  this  added  to  2*.  19**.  40',  the  place  at  the  first  eclipse,  gives  8'.  2^ 
33'.  10"  for  the  mean  place  at  the  second  eclipse,  the  difference  between  which 
and  the  true  place  7*.  26*".  53'.  35"  is  5^  39'.  35".  The  next  eclipse  compared  with 
the  first  was  that  on  March  15,  1699,  the  middle  of  which  was  at  7A.  14' 
mean  time  at  Paris,  at  which  time  the  moon's  true  place  was  5*.  25^  28'.  41". 
Now  in  this  interval  of  13  years  (of  which  3  were  bissextiles)  94rf.  20ft.  35'. 
50'\  the  mean  motion  of  the  moon,  omitting  the  revolutions,  was  3*.  1^  24'. 
47";  this  added  to  2'.  l9^  40',  the  place  at  the  first  eclipse,  gives  5'.  21  ^  4'. 
47"  for  the  mean  place  at  this  third  eclipse,  the  diflerence  between  which  and 
5\  25"*.  28'.  41"  the  true  place  is  4^  23'.  54".  In  the  former  case,  the  true 
place  was  less  than  the  mean  place  by  5'.  ^9^  35',  and  in  the  latter  case,  the 
mean  place  is  the  least  by  4^.  £3'.  54".    These  are  the  greatest  differences  of 
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aU  the  eclipses  between  1685^  and  1720.  Now  the  sum  of  these  dififerenceB 
is  lO^  3'.  i9%  axid  the  half  sum  is  5^.  l'.  44V  the  greatest  equation  oilbe 
moon's  orbit  deduced  from  these  observations.  And  if  from  5^.  1'.  44%5 
we  (take  4%  29*.  54i\  the  least  di£Eerence,  we  have  ST'.  5(/,5  for  the  expiation 
^  the  moon  at  the  time  of  the  first  eclipse ;  and  this  taken  firom  8*.  19^. 
40',  ihe  true  phu:e  of  the  moon  at  that  time,  gives  2\  19^.  2'.  iCC  fi>r  the  mean 
pla^e  of  the  moon  on  December  10,  1685,  at  lOh.  38'.  10^  mean  time  at 
Paris.  Hiis  therefore  may  foe  considered  as  an  epoch  of  the  mean  place  of  the 
moon.  This  is  the  method  used  by  M.  Casswi.  But  the  best  method  is,  to 
observe  accurately  the  place  of  the  moon  for  a  whole  revolution  as  often  as  it 
can  be  done,  and  by  comparing  the  true  and  mean  motions,  tlie  grofitest  diffin'- 
ence  will  be  double  the  equation.  If  two  observations  be  found,  where  the 
difference  of  the  true  and  mean  motions  is  nothing,  the  moon  must  then  have 
been  in  its  apogee  and  perigee.  Mater  makes  the  mean  excentridty  0^)5508568, 
and  corresponding  greatest  equation  6^.  18'.  31  ",6.  It  is  6"".  18'.  SS*  in  Us 
last  TaUes  publi^d  by  Mr.  Mason,   under  the  direction  of  Dr.  Maske- 

LTNfi. 

843.  To  determine  the  pUce  of  the  apogee,  from  M.  Cassini's  observa- 
tions, we  have  the  greatest  eqp]ation=5^  l'.  44%5,  therefore  (231),  57^.  Vt^ 
48%8  :  «°.  SO*.  52",25::i<C=:  100000  :  C2\=4S88  for  the  moon's  excentridty* 
Also,  TiF=8776  :  rie=200000 : : sin.  TRF^l%\  55\25  :  sin.  TFR,  or  AFR^ 
j=  7^  12'.  20^',  from  which  take  TRF^  18'.  55",25,  and  we  have  ATM^6\  S3'. 
25"  the  distance  of  the  moon  firom  its  appgec ;  add  this  to  2*.  19*.  40^,  the  true 
place  of  the  moon,  and  it  gives  2'.  26^.  S3'.  25"  for  the  place  of  the  apogee  on 
December  10,  1685,  at  lOA.  38'.  10"  mean  time  at  Paris.  This  therefore  may 
be  considered  as  an  qfoch  of  the  place  of  the  iqpc^ee. 

344.  If  we  compare  the  same  eclipse  in  1685  with  two  others,  oneof  whidi 
happened  on  July  7, 1675,  and  the  other  on  April  14,  1642,  we  shall  get  the 
equation  of  the  orbit  5^.  2'.  14'',  differing  only  37"  from  the  other  detenninatim. 
Also,  the  place  of  the  apogee  at  the  eclipse  in  1685,  comes  out  2*.  25^.  57'.  5$*, 
which  is  35'.  27^  less  advanced  than  by  the  former  case.  If  the  moon's  place  be 
determined  by  observation  at  any  time  when  it  is  not  eclipsed,  the  same  meffaod 
may  be  implied. 

845.  It  has  been  here  supposed,  that  at  the  time  of  the  eclipses  the  moon 
was  at  its  mean  distance,  and  of  the  great  number  of  observations  whidi  wert 
compared  in  order  to  get  the  greatest  difference  of  the  true  and  mean  places,, 
it  is  supposed  that  those  which  gave  the  greatest  differences  were  so  eircum- 
stanced.  Also,  no  other  inequalities  have  been  supposed,  but  those  which  arose 
from  the  excentricity  of  the  moon's  orbit.  The  way  therefore  to  get  at  the 
greatest  accuracy  is  to  make  a  great  number  of  sueh  comparisons,  and  take  (be 
mean. 
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S4&  The  place  of  the  moon's  apogee  may  also  be  thus  found.  Take  a  great 
many  measures  of  the  moon's  diameter,  when  at,  or  very  near^  the  fiiU,  with  a 
micrometer,  and  reduce  them  to  the  measure  at  the  same  altitude,  aad  note  the 
times  of  observation }  se^k  out  amongst  them,  those  which  are  die  greatest  or 
the  least,  and  you  have  the  time  wh^i  the  moon  was  in  ite  perigee  or  apogee. 
Or  if  you  find  two  diameters  equal  to  each  other,  very  near  together^  the  snoon 
must  have  been  in  its  apogee  or  perigee  in  the  middle  point  of  time.  Now 
at  the  apogee,  the  difference  between  the  true  and  mean  motion  of  the  moon 
for  every  degree  is  about  5' ;  and  at  the  perigee,  about  5\  30".  Hence^  the 
places  of  the  moon  being  known  at  the  time  when  the  two  diameters  were  found 
equal,  and  the  mean  motion  between  the  times  being  known,  the  mean  motion 
from  one  of  the  times  to  the  "middle  point  of  time  between  will  be  known ; 
therefore,  as  the  difference  of  the  true  snd  mean  motions  is  known,  the  true  mo- 
tion is  known  from  one  of  the  times  to  the  half  interval  of  time,  and  con* 
sequent^  the  true  place  of  the  moon  at  the  half  interval,  orplace  of  the  apogee 
or  perigee,  will  be  known.  But  on  account  of  the  great  difficulty  of  measuring 
accurately  the  diameter  of  the  moon,  this  method  cannot  be  depended  upon  to 
a  great  degree  of  accuracy.  It  was  from  observing  the  diameter  of  the  moon, 
that  HoRRox  found  the  motion  of  the  apogee  was  sometimes  in  antecedentia, 
and  sometimes  in  consequentia ;  and  that  tiie  excentricity  of  the  orbit  must  be 
variable,  in  order  to  account  for  the  second  equation  (349)  observed  by  Ftolemt* 
By  this  method,  M.  Cassini  found,  from  the  eclipse  on  December  10,  1685,  at 
lOA.  38'.  10"  apparent  time  at  Paris,  the  place  <^  the  apogee  to  be  2*.  25^  41'* 
80\  From  the  mean  <^  a  great  number  of  observations,  he  determined,  at  the 
above  time,  the  place  of  the  apogee  to  be  2'.  24^.  32',  and  the  greatest  equation 
4^  58'.  44".  But  the  excentricity,  and  consequendy  the  greatest  equation,  is 
subject  to  a  variation ;  and  the  excentricity  here  determined  is  about  the  least. 
According  to  Mayer,  the  mean  excentricity  is  0,05503568,  and  the  correspond- 
ing greatest  equation  6^  18'.  3l",6. 


To  determine  the  mean  Motion  of  the  Apogee. 

347*  Find  its  place  at  different  times,  and  compare  the  difference  of  the 
places  with  the  interval  of  the  time  between.  To  do  this,  we  must  first  compare 
observations  at  a  small  distance  from  each  other,  lest  we  should  be  de^ 
ceived  in  a  whole  revolution  ;  and  then  we  can  compare  those  at  a  greater  dis- 
tance. Now  we  may  either  compute  (343)  the  place  of  the  apogee  at  several 
times,  or  we  may  find  it  from  knowing  the  place  once,  according  to  the  follow*- 
ing  method,  given  by  M.  Cassini  in  his  Astronomy,  page  307.  The  place  of 
the  apside  has  been  determined  for  Dec.  10,  1685  ;  and  to  find  from  thence  its 
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place  at  any  other  time,  observe  the  true  place  of  the  moon  at  that  time,  and 
find  the  mean  motion  corresponding  to  that  interval,  and  add  it  to,  or  subtract 
it  from,  the  place  of  the  apogee  on  December  10,  1685,  according  as  the  time 
was  after  or  before  that,  and  you  have  the  mean  place  of  the  moon  at  that  time ; 
the  difference  between  which  and  the  true  place  observed,  is  the  equation  of 
the  orbit  at  that  time  i  if  the  mean  place  be  forwarder  than  the  true,  the  moon 
is  in  the  first  six  signs ;  if  backwarder,  in  the  last  six.  But  the  same  equation 
may  answer  to  two  different  mean  anomalies ;  this  therefore  leaves  an  uncer- 
tainty in  respect  to  the  place  of  the  apogee.  Now  from  the  mean  place  of  the 
moon  subtract  each  mean  anomaly,  and  it  givea  the  place  of  the  apogee  corres- 
ponding to  each ;  consequently  you  get  the  motion  of  the  apogee  correqK>nding 
to  each  place  thus  found ;  and  to  determine  whleh  is  the  true  motion,  repeat 
the  operation  for  some  other  time  compared  with  the  place  of  the  apogee  on 
December  10,  1685,  and  you  will  get  the  motion  corresponding  to  two  placer 
again.  Then  compare  these  two  motions  with  the  otiier  two,  and  those  two 
which  agree,  must  be  the  true  motion.  > 

548.  By  thus  comparing  the  place  of  the  apogee  on  December  21,  1684,  at 
lOh.  55^.  58'"  apparent  time,  with  the  place  determined  on  Dec.  10,  1685,  M; 
Cassini  found  the  time  of  a  revolution  of  the  apsides  to  be  either  8  years  and 
nearly  9  months,  or  about  3  years.  And  by  comparing  the  place  of  the  apo-^ 
gee  on  Nov.  29,  1686,  at  llh.  7'.  18'  apparent  time,  with  the  place  on  Decem- 
ber 10,  1685,  he  found  that  the  motion  of  the  apsides,  deduced  from  thence, 
came  out,  one  between  eight  and  nine  years,  but  that  the  other  motion  did  not 
agree  with  either  of  the  former.  The  time  of  a  revolution  therefore  must  be 
about  8  years  9  months.  The  time  being  thus  nearly  determined,  he  computed 
th$  motion  from  more  distant  observations,  and  from  a  mean  of  the  whole,  he 
found  the  time  of  a  revolution  of  the  apsides  to  be  8  common  years,  311  J.  8 A; 
and  hence  the  mean  annual  motion  is  1*.  10^.  39'.  52",  and  daily  motion  6'.  41  \ 
l"^.  Mater  in  his  Tables  makes  the  annual  motion  1*.  10^  39'.  50".  This  is 
the  mean  motion  in  respect  to  the  equinoxes.  M.  de  la  Lande  makes  the  daily 
motion  in  respect  to  the  equinoxes,  6^  41",069815.  Hence  he  deduces  the 
daily  motion  in  respect  to  the  fixed  stars  to  be  6'.  40^,932238.  If  we  take  unity 
to  represent  the  mean  motion  of  the  moon  in  respect  to  the  fixed  stars,  then 
will  the  motion  of  its  apogee  be  represented  by  0,00845226445,  found  by  com- 
paring their  mean  motions ;  hence,  as  the  motion  of  the  apogee  is  direct,  the 
sidereal  revolution  of  the  moon,  27rf.  7A.  43'.  1 1",4947,  :  its  revolution  in  re- 
spect to  its  apogee : :  1  —  0,00845226445  :  1 ,  the  moon  approaching  the  apogee 
with  the  difference  of  the  velocities ;  hence,  the  revolution  of  the  moon  in  re- 
spect  to  its  apogee  is  27d  13A.  18'.  33",95.  The  motion  of  the  apogee  is  not 
imiform,  as  is  implied  in  this  method  of  determining  its  mean  motion,  and 
therefore  it  will  be  subject  to  a  small  error,  unless  the  equation  should  be  the 
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same  at  both  observations ;  this  error  may  be  corrected,  by  reducing^  the  true 
to.  the  mean  place  at  each  observation.  Horrox  from  observing  the  diameters 
of  the  moon,  found  the  apogee  subject  to  an  annual  equation  of  12^,5.  Having 
thus  explained  the  methods  of  determining  the  moon's  mean  motions,  situation 
(^  its.  apogee,  and  the  equation  of  its  orbit,  or  first  inequality,  we  proceed  to 
show  how  that,  and  some  of  the  other  principal  inequalities  were  discovered.  * 
349.  The  motion  of  the  moon  having  been  examined  for  one  month,  it 
was  immediately  discovered,  that  it  was  subject  to  an  irregularity,  which 
sometimes  amounted  to  5°  or  6**,  but  that  this  irregularity  disappeared 
about  every  14  days.  And  by  continuing  the  observations  for  different 
months,  it  also  appeared,  that  the  points  where  the  inequalities  were  the 
greatest,  were  not  fixed,  but  'that  they  moved  forwards  in  the  Heavens  about 
8°  in  a  month,  so  that  the  motion  of  the  moon  in  respect  to  its  apogee  was 
about  -db  less  than  its  absolute  motion ;  thus  it  appeared  that  the  apogee  had  a 
progressive  motion.  Ptolemy  determined  this  Jirst  inequality,  or  equation  of 
the  orbit,  from  three  lunar  eclipses  observed  in  the  years  719  and  720,  before 
J.  C.  at  Babylon  by  the  Chaldeans ;  from  which  he  found  it  amounted  to  5°.  l' 
when  at  its  greatest  But  he  soon  discovered  that  this  inequality  would  not  ac* 
count  for  all  the  irregularities  of  the  moon.  The  distance  of  the  moon  from 
the  sun  observed  both  by  Hipparchus  and  himself,  sometimes  agreed  with  this 
inequality,  and  sometimes  it  did  not.  He  found  that  when  the  apsides  of  the 
moon's  orbit  were  in  quadratures,  this  Jirst  inequality  would  give  the  moon's 
place  very  well ;  but  that  when  the  apsides  were  in  syzygies,  he  discovered  that 
there  was  a  further  inequality  of  about  2%  which  made  the  whole  inequality 
about  7®f .  This  second  inequality  is  called  the  Evectiorij  and  arises  from  a 
change  of  excentricity  of  the  moon's  orbit.  The  inequality  of  the  moon  was 
therefore  found,  by  Ptolemy,  to  vary  from  about  5®  to  ^^y  and  hence  the 
mean  quantity  was  6^  20'.  Mater  makes  it  6°.  18'.  Sl'',6.  It  is  very  extraor- 
dinary, that  Ptolemy  should  have  determined  this  to  so  great  a  degree  of  accu*- 
racy.  This  mean  quantity  is  the  greatest  equation  of  the  orbit  for  the  mean 
excentricity,  and  is  called  \he  Jirst  equation.  The  EvecUon^  or  variation  of  the 
equation  of  the  orbit  from  the  mean  equation,  is  at  its  maximum  1^.  20".  28%9 
according  to  Mayer.^  Hence,  when  the  apsides  are  in  syzygies,  at  which  time 
the  excentricity  is  found  to  be  the  greatest,  the  greatest  equation  is  7°.  S9f. 
0",5;  and  when  the  apsideaare  in  quadratures,  at  which  time  the  excentricity 
is  found  to  be  the  least,  it  is  only  4°.  58'.  2",7.  D'Arzachel,  an  Arab,  who 
observed  in  Spain  about  the  year  1080,  from  comparing  the  observations:  of 
Ptolemy  and  those  of  D'Albategnius  with  his  own,  discovered  that  the  ap- 
sides were  sometimes  progressive  and  sometimes  regressive ;  and  that  the  ex- 
centricity was  subject  to  a  change.  Kepler  believed  this  to  be  the  case.  Hor- 
rox discovered  tlie  same  from  his  own  observations }  he  found  that  when  the 
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distance  of  the  sun  from  the  apogee  of  the  moon  was  about  45^.  and  225%  the 
apogee  was  more  advanced  by  25°  than  when  the  distance  was  about  I S^  and 
315^,  in  such  a  manner  that  the  mean  motion  was  not  uniform,  but  subject 
from  thence  to  an  equation  of  about  12^,5.  He  first  made  the  moon  revolve  in 
an  ellipse  about  the  earth  in  its  focus,  and  although  some  difficulties  arose  from 
this  supposition,  yet,  he  says,  he  durst  not  give  up  the  hypothesis. 
FIG.         3^^*  Ttcho  explained  these  irregularities  thus.     Let  the  earth  be  at  T  the 

76.  center  of  the  circle  sq^i^g^  whose  radius  is  100000 ;  TV,  the  semidiameter  of  the 
circle  Tife/,  =  21741  the  circle  of  excentricity ,  in  whose  circumference  the  cen- 
ter of  excentricity  is  supposed  to  move  in  consequentia  TdCj  with  a  motion 
equal  to  double  the  distance  of  the  moon  from  the  sun ;  so  the  radius  of  the 
circle  acto  =  5800;  and  om^  the  radius  of  nmzv^zz  2900.  Let  ^^  =  90^;  and 
let  the  moon  move  from  its  syzygies  and  apogee  at  s  to  quadratures  at  ^,  and 
conceive  in  the  same  time  the  center  of  excentricity  to  move  from  T  through 
dtocy  with  twice  the  angular  velocity  of  the  moon  from  the  sun.  Then,  con- 
sidering r  as  the  mean  place  of  the  center,  when  the  moon  comes  to  (7,  the 
equation  is  the  angle  eqr:=i  l^  15',  which  is  to  be  subtracted  in  the  first  quadnu 
tuce  at  17,  and  added  in  the  third  quadrature  at  g ;  this  will  produce  an  ine- 
quality of  2^  SO',  and  account  for  the  EvecUon.  But  instead  of  supposing  the 
moon  to  revolve  in  the  circumference  sqxg^  let  the  center  of  the  circle  oacb  re- 
volve in  consequentia,  and  the  moon  revolve  in  antecedentia  in  the  circumfer- 
ence obciL,  and  be  at  0  when  the  moon  is  in  iti  apogee,  and  to  descend  through 
b  and  arrive  at  c  when  the  moon  comes  to  its  perigee ;  this  will  produce  an  in- 
equality of  S^  19',  which  is  part  of  the  equation  of  the  center.  Lastly,  let  us 
suppose  the  moon  to  revolve  in  the  circumference  zonm  in  consequentia,  whilst 
the  center  0  moves.  When  the  center  is  at  0  let  the  moon  be  at  z^  and  when 
the  center  has  moved  to  b  or  Uy  let  the  moon  be  at  m ;  this  will  produce  an 
equation  of  1^  40';  which  added  to  the  last  gives  4°.  59'.  In  this  manner  Ty- 
GHo  represented  the  irregularities  of  the  moon  discovered  by  Ptolemy,  who 
explained  the  Evectionj  by  making  the  center  of  excentricity  describe  a  circle 
Tdetj  and  the  equation  of  the  center j  by  one  circle  obca.     Horrox  explained 

FIG.     the  second  inequality  thus.     Let  E  be  the  earth,  C  the  mean  place  of  the  cen- 

77.  ter  of  the  orbit,  EBCA  the  corresponding  line  of  the  apsides,  EC  the  mean  ex- 
centricity of  the  orbit;  and  if  we  suppose  the  center  of  the  orbit,  instead  of 
being  at  C,  to  describe  the  circle  ADB,  and  take  the  angle  ACD  double  the 
distance  of  the  i4K)gee  from  the  sun,  then  AED  will  represent  the  equation  of 
the  apogee,  and  ED  the  excentricity.  Sir  I.  Newton  followed  the  same  hy- 
pothesis. 

35 1 .  But  Tycho  being  able  to  determine  more  accurately,  from  his  observa- 
tions, the  true  place  of  the  moon,  found  that  the  place,  computed  from  the 
above  principles,  would  not  agree  with  observations  out  of  syzygies  and  quadra- 
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fttres,  particularly  in  the  octants,  where  the  difference  was  the  greatest,  anct 
iwrhere  lie  found  it  from  37'  to  40'.  Thus  Tycho  discovered  a  third  irregularity, 
which  he  called  the  Variation.  To  explain  this,  he  substituted  another  circle 
fti,  and  gave  the  center  of  the  circle  obca  a  libratory  motion  in  tlie  diameter  ni 
perpendicular  to  TSj  corresponding  to  a  motiom  in  the  circumference,  which  is 
double  the  distance  of  the  moon  from  the  sun.  Thus,  with  the  center  s  and  no. 
xadius  equal  to  the  variation,  describe  the  circle  iyny  take  Ay = double  the  dis-  "^^ 
lance  of  the  moon  from  the  sun,  draw  j^p  perpendicular  to  m,  and  where  it  cuts 
.in  in  s  will  be  the  place  of  the  moon  corrected  for  the  Variation.  For  the  dif- 
ierent  methods  by  which  the  inequalities  of  the  moon's  motion  have  been  repre- 
sented, see  RiccioLi  Ahnagesium  Novum.  Sir  I.  Newton  makes  this  inequal- 
ity vary  from  33'.  14"  to  37'.  11 ",  it  depending  upon  the  sun's  distance  from  the 
-earth.     Horrox  makes  it  36'.  2T  in  his  Tables.     Mayer  makes  it  36'.  59'',8. 

352.  Tycho  also  discovered  another,  called  the  annual  equation,  because  it 
^lepends  upon  the  distance  of  the  earth  from  the  sun,  the  variation  6f  whick 
causes  a  variation  of  the  effect  of  the  sun's  action  upon  the  earth  and  moon* 
.Cassini  makes  this  equation  9'.  44".  Sir  I.  Newton  makes  it  1  !'•  50".  Tycho 
observed,  that  the  mean  motion  of  the  moon,  in  order  to  be  uniform,  required 
an  equation  of  days,  different  from  that  which  the  motion  of  the  sun  gave ;  but 
this  did  not  agree  with  th^  equation  which  we  now  employ,  Kepler  also  em-* 
ployed  an  equation  for  this  purpose,  which,  he  said,  arose  either  from  the  mo- 
tion of  the  moon,  or  the  equation  of  time*  Horrox,  after  employing  the  three 
equations  already  mentioned,  corrected  the  apparent  time  at  which  he  would 
calculate  the  true  place  of  tlie  moon  by  the  equation  of  time,  additive  in  the 
first  six  signs,  which  at  the  mean  distance  went  as  far  as  Id'.  24",  wliich  is  tlie 
same  as  if  he  had  added  T.  21"  to  the  mean  longitude;  at  the  same  time,  he 
neglected  one  part  of  the  true  equation,  which  would  have  been  7'.  42"  sub- 
tractive,  in  such  a  manner  that  it  would  have  added  4'.  14"  to  the  place  of  the 
moon;  these  two  would  have  made  the  whole  11".  35",  which  agrees  with  the 
annual  equation.  Flamstead  observed^  that  this  equation  of  time  was  not  the 
equation  belonging  to  the  solar  system ;  nevertheless  he  granted  that  this  equa- 
tion ought  to  be  employed,  which  he  says  is  peculiar  to  the  moon,  it  being  af^ 
fected  by  the  earth.  Afterwards  Dr.  Halley  observed  that  the  moon  moved 
fastest  when  the  sun  was  in  its  apogee;  and  he  fixed  this  equation  at  about  13'. 
Maveu  makes  it  11"*  8",8. 

353.  It  is  very  easy  to  conceive  liow  this  annual  equation  might  be  discovered 
by  observation.  By  computing  the  moon's  place  for  a  great  many  times  in  the 
year,  allowing  for  the  equation  of  the  orbit,  the  evection  and  variation,  and 
comparing  it  with  the  observed  place,  it  would  appear  tliat  they  agreed  very 
well  about  the  beginning  of  January  and  July,  but  that  they  differed  consider* 
ably  at  the  beginning  of  April  and  October.    This  would  point  out  an  equation, 
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But  l>esides  these  four  principal  equations,  tlie  only  ones  deduced  solely  from 
observation,  there  are  a  great  many  others  which  are  smaller,  which  are  found 
by  theory  and  corrected  by  observations.  Tlie  theory  of  the  moon  must  there^ 
fore  be  consulted  by  those,  who  would  wish  to  have  an  intimate  knowledge  of  the 
subject.  We  shall  afterwards  give  so  much  of  it,  as  is  consistent  witli  the  plan  of 
this  Work. 

354.     Tycho  found  that  the  motion  of  the  nodes  and  variation  of  the  in- 
clination of  the  orbit,  were  subject  to  an  irregularity,  and  might  be  represented 

FIG.      by  the  motion  of  the  pole  of  the  orbit  in  a  circle  ECFGj  whose  radius  GDth^. 

78.  30'',  half  the  difference  of  the  greatest  and  least  inclinations^  the  center  D  being 
5°.  8'  from  the  pole  A  of  the  ecliptic,  that  being  tiie  mean  inclination  of  the 
orbit,  according  to  Tycho,  or  mean  distance  of  the  poles  of  the  ecliptic  and 
moon's  orbit.  By  more  accurate  obsei-vations,  GJ>  =  8'.  48",  and  the  mean 
inclination  5°.  8'.  49".  Let  the  pole  of  the  lunar  orbit  move  in  the  circum- 
fbrence  GECy  and  be  at  G  in  syzygies  and  C  in  quadratures,  and  at  F  and  K  in 
octants,  its  motion  being  twice  the  true  distance  of  the  sun  from  the  moon. 
Then  when  the  pole  is  at  any  point  H^  II A  is  the  inclination,  and  the  angle 
HAD  the  equation  of  the  node,  tlie  angle  ADH  being  double  the  distance 
of  the  moon  from  the  sun.  At  JPthis  equation  is  the  greatest,  and=l^  46', 
found  from  the  triangle  DFA.  Hence,  Mayer  gave  a  method  of  finding  the 
equation  of  latitude,  of  which  the  following  is  the  investigation,  given  by  M.  de 
la  Lande  in  his  Astronomy. 

3BS.  Let  L  be  the  moon  90^  from  the  true  pole  E  of  its  orbit,  D  being  the 
mean  pole,  draw  LEM^  and  DM  perpendicular  to  it ;  then  as  the  angle  DLM 
is  very  small,  we  may  suppose  LDzzLMj  and  consequently  EM:=:LD^LF. 
Now  as  DA  is  very  small  compared  with  Z)L,  LE  and  LD  will  be  very  nearly 
circles  of  latitude,  and  therefore  their  difference  EMj  will  be  the  equation  of 
latitude,  being  the  difference  of  the  distances  of  the  moon  from  the  true  and 
mean  pole.  Draw  DB  perpendicular  to  ^D,  and  it  must  pass  through  the 
nodes,  therefore  LDB  is  the  moon*s  distance  from  the  node,  or  the  argument  of 
latitude,  and  which  is  equal  to  AD  My  MDB  being  the  complement  of  each  ; 
also,  ADE  is  twice  the  distance  of  the  moon  from  the  sun.  Now  EM=zED  x 
sin.  EDM—ED  x  sin.  ADE-- ADM ;  that  is,  the  equation  of  the  nioon^s  lati- 
tude is  8'.  48"  multiplied  by  the  sine  of  double  the  distance  of  the  moonfirom  the  sun* — 
the  argument  oj  latitude,  Tycho,  and  after  him  Flamstead,  Halley,  Newton, 
&c.  considered  the  equations  of  the  nodes  and  inclination  separately. 
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Elements  qf  the  Theory  of  the  Mooji  accorditig  to  Observation. 


Secular  motion  for 


["Keplrr  and  IIorrox 
Newton,  Flamstead,  and  IIalley 


100   years,  of  which  ^  Cassini 


25  are  bissextiles. 


Secular  motion  of 
the  Apogee. 


Secular  motion  of 
the  Node. 


Epoch  of  the  mean 
longitude  of  the  moon  -^  Cassini 


Mayer,  (second  Tables) 
.M.  de  Lambre 


Kepler         -         .         -         . 

\  HORROX  -  -  -  - 

j  Cassini         -         -         -         - 
V.  Flamstead,  Halley,  and  Mayer 


/-  Kepler  and  Horrox 
J  Flamstead  and  Halley 
f  Cassini 
^  Mayer 


TKepler 

I   HoRROX 

FlAMSTFJlD 


for  1750, 


Epoch  of  the  lon- 
gitude of  the  Apogee  ^ 
for  1750. 


Mayer  (second  Tables) 
Mason  -  -  - 
M.  de  Lambre 

'"Kepler 
Horrox 

Flamstead  and  Halley 
Cassini 

Mayer  -  -  - 
Mason         -         .         - 


10'.  r 

.48'. 

51" 

10.  7. 

50. 

25 

10.  7. 

49. 

52 

10.  7. 

53. 

35 

10.  7. 

53. 

12 

3'.  19°. 

14'. 

16' 

3.  19. 

4. 

16 

3.  19. 

14. 

16 

3.  19. 

11. 

15 

4*.  14°. 

11'. 

7' 

4.  14. 

11. 

15 

4.  14. 

11. 

5 

4.  14. 

11. 

15 

6*.  «•. 

18'. 

54r 

6.  8. 

17. 

54 

6.  8. 

21. 

24 

6.  8. 

20. 

0 

6.  8. 

22. 

-«4 

6.  8. 

22. 

21 

e.    8. 

22. 

20 

5'.  2r. 

30'. 

36" 

5.  20. 

30. 

36 

5.  20. 

58. 

55 

5.  21. 

1. 

24 

5.  20. 

55. 

54 

5.  20. 

54. 

56 

rstff 
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''Kkpler 

Epoch  of  the 
Longitude  of  the     < 
Node  for  1750. 

HoRROX 
Fl.AMSTEAD 

Halley 
Cassini 

Mayer 

^  Maso>^ 

"  Flamstead 

Mean  Equation 
of  the  Orbit, 

EULER 

D'Alkmbrrt 
Clairaut 

.  Mayer 

9\  10^35'.  IS'^ 

9.  10.  15.  13 

9.  10.  14.  i3» 

9  la  13.  58- 

9.  10.   18.     7 

9.  10.  19.     8 

0.  10.  19.  59 

(W  \9.  4r 

6.  18.  18 

6.  18.  4:3 

•    6.  18.     1 

G.  18.  32 


Times  of  the  RevohUions  c^the  Moony  of  its  Apogee  and  Node^  as  determined  bjfi 

M.  de  la  Lande. 


Tropical  revolution 
Sidereal  revolution 
Synodic  revolution 
Anomalistic  revolution    * 
Revolution  in  respect  to  the  node 
Tropical  revolution  of  the  apogee 
Sidereal  revolution  of  the  apogee 
Tropical  revolution  of  the  node 
Sidereal  revolution  of  the  node 
Diurnal  motion  of  the  moon  > 
in  respect  to  the  equinox  y 
Diurnal  motion  of  the  apogee 
Diurnal  motion  of  the  node 


27^    7^43'.     4",6795 

27.     7.  4S.   11,  5259 

29.   12.  44.     2,  828S 

.       27.   13.   18.  SSy  9499 

-      27.     5.     5.  S5y  603 

8\311^     8.  34.  57,  6177 

8.  312..  11.   11.  39,  4089 

18.  228.     4.  52.  52,  0296 

18.  223.     7.   13.   17,  744 

1 3^  lO'.  35'',02784394- 

0.     6.  41,069815195' 
-      O.     3.   10,  638603696- 


The  years  here  taken  are  the  common  yeacs  of  365  days. 

According  ta  Ptolemy,  the  mean  annual  motion  of  the  moon  is  4'.  9^  22'. 
46%  and  the  diurnal  motion  13^.  lOV  34%  58'^;  the  mean  annual  motion  of  the- 
nodes  in  antecedentia  is  19%  20'.  0%  58%  and  the  diumal  motion  3'.  10".  4l'",25; 
the  mean  annual  motion  of  the  apogee  is  40^.  39'.  35\T5j  and  the  diumal  mo- 
tion 6'.  41%  2'%25 ;  and  the  time  of  a  mean  synodic  revolution  is  29d.  ISh.  5% 
39\     H  the  reader  will  compare  these,  with  our  present  Tables,  lie  will  be 
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Mr.  DuNTHOKKE,  from  his  Taides,  makes  the  middle  of  it  at  9//.  4'  apparent 
time,  and  the  duration  Ik.  S7';  PTaL£MY  makes  it  Ih.  30'  nearly.  Hence,  the 
beginning,  according  to  Mr.  DuNXHOBiffE^fi  calculation,  was  about  Sh.  15'  after 
midnight.  But,  according  to  Ptolemy,  the  sun  rose  at  7/f.  12',  and  as  the 
moon  had  then  south  latitude,  and  was  not  quite  come  to  the  sun's  opposition, 
its  apparent  setting  must  have  been  a  littJe  "Sooner,  that  is,  above  an  hour  be- 
fore the  beginning  of  the  eclipse,  according  to  his  Tables ;  whereas  the  moon 
was  seen  eclipsed  some  time  before  its  setting,  which  proves  that  its  true  place 
was  then  forwarder  than  the  Tafbles  make  it,  by  40'  or  50'.  In  the  year  20i 
before  J.  C.  on  September  22,  an  edipse  was  observed  at  Alexandria,  when 
the  moon  b^an  to  be  eclipsed  about  half  an  hour  before  its  rising,  and  ended 
about  3JA.  in  the  morning.  Now  by  the  TaMes,  the  middle  of  the  edipse  was 
at  7h.  44'  apparent  time,  and  the  duration,  Sh.  4t\  which  makes  the  beginning  at 
6h.  12,' J  or  afbout  lO'  after  the  moon  rose,  and  consequently  40'  after  the  time 
by  observation  3  which  makes  the  moon's  true  place  forwarder  than  by  die 
Tables,  by  about  20'.  In  the  year  721  before  J.  C.  on  March  19,  an  eclipse 
was  observed  at  Babylon,  the  middle  of  which,  by  the  Tables,  was  at  lOA.  26* 
apparent  time,  and  tlie  beginning  was  at  Sh.  32';  but  tlie  beginning,  by  obser^ 
vatioh,  was  at  6h.  46*,  or  ih.  46^  sooner  than  by  the  Tables ;  thercfoix?  the 
moon's  true  place  preceded  its  pbce  by  the  Tables,  by  a.  little  more  than  50'. 
Hence,  as  -the  same  Tables  represent  the  moon's  place  in  the  andent  eclipses 
behind  its  true  place,  and  in  the  two  edipses  observed  in  977  and  978  before 
it,  it  follows  tlmt  its  mean  motion  in  andent  times  was  slower,  and  in  latter 
times  quicker  than  the  Tables  give,  and  therefore  it  must  have  been  accelerated. 
There  must  also  have  been  a  time  when  the  TaWes  woiild  give  the  true  place: 
Aiid  aldiough  the  andent  obser^^ations  of  the  times  of  the  eclipses  were  not  very 
accurate,  yet  they  were  sufficiently  so  to  prove,  beyond  all  doubt,  that  the 
moon's  motion  is  greater  at  this  time,  than  it  was  at  the  times  when  the  ancient 
eclipses  were  observed. 

358.  As  we  'have  no  efete  to  detemrine  directly  what  this  accderation  is,  and 
at  what  point  of  time  the  moon's  place  from  the  Tables  would  agree  with  its 
true  place,  we  must  make  a  supposition  for  each,  and  then  compute  the  errors 
of  the  Tables,  and  see  how  they  agree  witii  the  above  errors ;  and  that  supposi- 
tion which,  upon  the  whole,  agrees  best,  must  give  the  acceleiation  the  most 
to  "be  depended  upon,  and  prbbably  near  the  truth.  Now  whatever  be  the 
cause  of  tiiis  acceleration,  it  is  very  probable  that  it  continues  constant,  or  very 
nearly  so,  and  therefore  the  quantity  of  acceleration  i^ill  vary  as  the  square  of 
tlie  time.  Upon  this  principle,  if  we  suppose  the  Tables  to  give  the  true -place 
of  the  moon  at  the  year  700,  and  the  acceleration  to  be  10"  for  the  first  JOO 
years  from  that  time,  it  will  give  results  agredng  better  with  the  observations 
than  any  other  supposition.    These  results  may  be  thus  computed.    The  quan- 
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sun  upon  the  moon,  combined  with  the  variation  of  tlie  excentricity  of  th* 
earth^s  orbit.     The  excentricity  of  the  earth's  orbit  is,  at  present,  diminishing, 
and  this  arises  from  the  action  of  the  planets  upon  the  earth.     The  major  axis 
of  the  earth's  orbit  is  not  altered  by  this,  but  the  excentricity  is.     The  mean 
force  of  the  sun  to  dilate  and  contract  the  orbit  of  the  moon  depends  on  the 
square  of  the  excentricity  of  the  earth's  orbit     By  the  diminution  of  the  ex* 
centricity,  the  moon's  mean  motion  is  accelerated,  and  this  is  a  circumstance 
which  takes  place  at  present.     When  the  excentricity  is  come  to  its  minimum^ 
the  acceleration  of  the  mean  motion  will  cease ;  after  wiiich  the  excentricity 
will  increase  and  the  moon's  mean  motion  will  be  retarded.     This  therefore 
causes  a  secular  equation  of  the  moon's  mean  motion,  the  period  of  which  is 
very  long.     If  n  be  the  number  of  centuries  from  1 700,  M.  de  la  Place  has 
computed  the  secular  equation  to  be -h  11%1 85  n*  -♦-0",4S98n^;  this  however  can- 
not be  true  whatever  be  the  ¥alue  of  n,  because  the  acceleration  would  then 
continually  increase  $  but  it  may  be  extended  back  to  tlie  most  ancient  obser* 
various  of  the  moon,  and  for  1000  or  1200  years  to  come,  without  any  sensible 
error.     M.  de  Lambre,  from  comparing  the  modern  observations  at  about  the 
distance  of  a  century,  found  that  die  secular  mean  motion  of  the  moon  in  the 
last  Tables  of  Mayer  was  too  great  by  25"  j  and  that  the  place  of  the  moon,  caU 
culated  by  these  Tables,  ought  to  be  corrected  by  the  quantity  —  25'n  -f  2",l  35n* 
+  0",04398n^     If  the  ancient  observations  of  the  moon  be  compared  with  the 
places  calculated  by  Mayer's  Tables  with  this  correctioq,  the  errors  will  be 
comparatively  very  small,  and  no  greater  than  what  might  arise  from  the  inac* 
curacy  of  their  observations.     M.  de  la  Lande,  in  his  Tables  of  the  moon,  has 
thus  corrected  Mayer's  Tables.     Hence,  it  appears,  that  the  present  accelera* 
tion  of  the  moon  is  nothing  more  tlian  an  equation,  the  period  of  which  is  very 
long ;  it  will  be  apcelerated  and  retarded  by  the  same  quantity,  and  therefore  if 
the  mean  motion  be  taken  fpr  the  whole  tim^  of  acceleration  or  retardation,  it 
will  be  found  never  to  vary. 

The  mean  motion  of  the  nodes  and  apogee  of  the  moon's  orbit  is  subject  to  a 
secular  equation.  The  secular  equation  of  the  nodes  is  —  2",784  n*  —  0",010995  w', 
which  being  negative  shows  that  it  is  to  be  applied  contrary  to  tiicir  mean 
motion.  This  secular  equation  is  •^  of  the  secular  equation  of  the  mean  motion. 
The  secular  equation  of  the  apogee  is  I  of  the  secular  equation  of  the  mean  mo^ 
tion,  and  is  therefore— 19",486n*  —  0",07697w^  where  the  negative  sign  shows 
that  it  is  to  be  applied  contrary  to  its  mean  motion.  Hence,  all  the  irregu- 
larities of  the  moon  are  but  so  many  equations,  which  return  again  in  their  re- 
gular order ;  and  the  same  is  shown  to  be  true  of  the  irregularities  of  Jupiter 
{ind  Saturn ;  also,  as  the  major  axes  of  their  orbits  remain  undisturbed,  it  is 
manifest  that  the  system  can  never  be  destioyed,  all  the  irregularities  being  pe# 
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sin.  ZCM::  CM:  AM:=i—' — 7*4 m —  ^  ^"*'  ^^  apparent  diameter  is  in- 
versely as  its  distance)  .hence,  the  apparent  diameter  varies  as  »  *  y^  i^>  CM 
being  supposed  constant.  Now  in  tlie  horizon,  .  '  7rvr  ^^y  ^^  considered 
as  equal  to  unity  j  hence,  1  :    ^-^—^ttta^  ^^  sin.  ZCM  :  sin.  ZAMj  or  cos. 

sm.    JuK^JML 

true  ialjt.  (<r)  cos.  apparent  alt.  {A)  ::  the  horizontal  diameter  :  the  diameter 
at  the  apparent  altitude  (/4).    Hence,  the  horizontal  diameter  :  its  increase  :: 

COS.  a :  cos.  A  —  cos.  a  =  2  sin.  j^  a-hl^  A  x  sin.  ^  a— ^  A;  therefore  the  increase 

iif  (he  semidiameter=:hor.  semidiam.  ySin*  i  ^-l-^}  ^  xsin.  t^  a-j  A.   f^om 

COS.  a 
this  we  may  easily  construct  a  Table  of  the  increase  of  the  semidiameter  for 
any  horizontal  semidiameter ;  and  then  for  any  other  horizontal  semidiameter, 
the  increase  will  vary  in  proportion. 

36a.  Some  Astronomers  have  thought,  that  in  finding  tlic  time  of  the  transit 
of  the  moon  over  the  meridian,  we  ought  to  take  the  apparent  diameter  instead 
of  that  seen  from  the  center  of  the  earth.  But  this,  as  M.  de  la  Lande  has 
bbserved,  must  not  be;  for  altliougfi  the  apparent  diameter  is  increased  by  the 
moon  being  nearer  to  the  spectator,  yet  the  angular  velocity  about  the  point 
where  the  spectator  is  situated  is  increased  in  the  same  ratio,  the  angular 
velocity  about  any  point,  and  the  apparent  diameter,  being  inversely  as  the 
distance,  and  therefore  the  time  of  the  transit  is  the  same. 

X)n  tiie  Phases  of  tfie  Moon. 

d64w  By  Art.  319.  tlie  greatest  breadth  of  the  visible  illuminated  part  of  the 
moon's  sur&ce  varies  as  the  versed  sine  of  the  moon's  elongation  from  the  sun, 
very  nearly;  and  the  circle  terminating  the  light  and  dark  part  being  seen 
obliquely  will  appear  an  ellipse;  hence  the  following  delineation  of  the  phases. 
FIG.  Let  E  be  the  eartli,  S  the  sun,  M  the  moon  ;  describe  the  circle  abcd^  repre* 
80.  senting  that  hemisphere  of  the  moon  which  is  towards  the  earth  projected  upon 
a  plane;  acj  dh  two  diameters  perpendicular  to  each  other;  take  (&;;=: the 
versed  sine  of  elongation  SEMj  and  describe  the  ellipse  avcj  and  (318,  319) 
adcva  will  represent  the  visible  enlightened  part ;  which  will  be  horned  between 
conjunction  and  quadratures,  bisected  at  quadratures,  and  gibbous  between 
quadratures  and  opposition,  the  versed  sine  being  less  than  radius  in  the  first 
case,  equal  to  it  in  the  second,  aiid  greater  in  the  third.  The  visible  enlightened 
part  varying  as  dv,  we  have,  t/ie  visible  enlightened  part  :  whole  : :  versed  sine 
of  elongation :  diameter. 
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On  the  LibraHon  of  ffie  Moon. 

S65.  Many  Astronomers  have  given  maps  of  the  &ce  of  the  moon ;  but  the 
most  celebrated  are  those  of  Hevelius  in  his  Selenographiay  in  which  he  has 

resented  the  appearance  of  the  moon  in' its  dififerent  states  from  the  new  to 
the  fidl,  and  from  the  full  to  the  new ;  these  figures  Mater  prefers.  Figure  81 

resents  the  face  of  the  moon  in  its  mean  state  of  libration,  as  shown  by  the 
^.best  telescopes.  Langrekus  and  Ricciolus  denoted  the  spots  upon  the  surfiu^e 
by  the  names  of  philosophers,  mathematicians,  and  other  celebrated  men, 
giving  the  names  of  the  most  celebrated  characters  to  the  largest  spots; 
Hevelius  marked  them  with  the  geographical  names  of  places  upon  the  earth. 
The  former  distinction  is  now  generally  followed,  and  is  that  which  we  have 
here  given,  llie  numbers  in  the  figure  represent,  nearly,  the  order  in  which 
the  spots  are  eclipsed,  going  nrom  the  east  to  the  west. 
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The  spots  upon  the  moon  are  caused  by  the  mountains  and  vallies  upon  its 
surface;  for  certain  parts  are  found  to  project  shadows  opposite  to  the  sun;  and 
when  the  sun  becomes  vertical  to  any  of  them,  they  are  observed  to  have  no 
shadow;  these  therefore  are  mountains;  other  parts  are  always  dark  on  that 
side  next  the  sun,  and  illuminated  on  the  opposite  side ;  these  therefore  are 
cavities.  Hence,  the  appearance  of  the  face  of  the  moon  continually  varies, 
from  its  fdtering  its  situation  in  respect  to  the  sun.  The  tops  of  the  moun* 
tains,  on  the  dark  part  of  the  moon,  are  frequently  seen  enlightened  at  a  dis* 
tanee  £rom  the  confines  of  the  illuminated  part.  Tlie  dark  parts  have,  by  some, 
been  thought  to  be  seas ;  and  by  others,  to  be  only  a  great  number  of  cavern* 
and  pits,  the  dark  sides  of  which,  next  to  the  sun,  would  cause  those  places 
te  iippear  darker  than  others.  The  great  irregularity  of  the  line  bounding  llie 
light  and  dark  part,  on  every  part  of  the  sur&ce^  proves  that  there  can  be  no 
veiy  laige  tracts  of  water,  as  such  a  regular  sor&ce  would  necessarily  produce 
a  line,  terminating  the  bright  part,  perfectly  ftee  from  all  irregularity.  If 
there  was  much  water  upon  its  surface,  and  an  atmosphere,  as  conjectured 
(377)  by  some  Astronomers,  the  clouds  and  vapours  might  easily  be  discovered 
by  the  telescopes  which  we  have  now  in  use ;  but  no  such  phaenomena  have 
ever  been  observed. 

366.  Very  nearly  the  same  face  of  the  moon  is  always  turned  towards  the 
earth,  it  being  subject  only  to  a  small  change  within  certain  limits,  those  spots 
which  lie  near  the  edge  appearing  and  disappearing  by  turns  ;  this  is  called  its 
LibratioTiy  and  arises  from  fbur  causes.  1.  Galileo,  who  first  observed  the 
qwtfl  ^  the  moon  after  the  invention  of  telescopes,  discovered  this  circum- 
stance ;  he  perceived  a  small  daily  variation  arising  from  the  motion  of  the 
spectator  about  the  center  of  the  earth,  which,  from  the  rising  to  the  setting  of 
the  moon,  would  cause  a  little  of  the  western  limb  of  the  moon  to  disappear^ 
and  bring  into  view  a  little  of  the  eastern  limb ;  this  is  called  the  diurnal  libra* 
tion.  2.  He  observed  likewise,  that  the  north  and  south  poles  of  the  moon 
appeared  and  disappeared  by  turns;  this  arises  from  the  axis  of  the  moon  not 
being  perpendicular  to  the  plane  of  its  orbit,  and  is  called  a  libration  in 

•  •  • 

latitude.  3.  From  the  unequal  angular  motion  of  the  moon  about  the  earth,  and 
the  uniform  motion  of  the  moon  about  its  axis,  a  little  of  the  eastern  and 
western  parts  must  gradually  appear  and  disappear  by  turns,  the  period  of 
which  is  a  month,  and  this  is  called  a  libration  in  longitude  ;  the  cause  of 
this  libration  was  first  assigned  by  RrccioLus,  but  he  afterwards  gave  it  up,  as 
he  made  many  obser\^tions  which  this  supposition  would  not  satisfy.  Heveliu« 
however  found  that  it  would  solve  all  the  phaenomena  of  this  libration.  4. 
Another  cause  of  libration  arises  from  the  attraction  of  the  earth  upon  the 
moon,  in  consequence  of  its  spheroidical  figure. 

367.  If  the  angular  velocity  of  the  moon  about  its  axis  were  equal  to  its 
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angujar  motion  about  the  earth,  the  libration  in  longitude  would  not  take  place. 
For  if  E  be  the  earth,  abed  the  moon  at  v  and  Wy  and  avc  be  perpendicular  to  fio* 
Ebod;  then  abc  is  that  hemisphere  of  the  moon  at  v  next  to  the  earth.  When  82* 
4fae  moon  comes  to  w,  if  it  did  not  revolve  about  its  axis,  bwd  would  be  parallel 
to  body  and  the  same  face  would  not  be  towards  the  earth.  But  if  the  moon, 
bj  revolving  about  its  axis  in  the  direction  abcd^  had  brought  h  into  the  line 
£ir,  the  same  &ce  would  have  been  towards  the  earth ;  and  the  moon  would 
have  revolved  about  its  axis  through  the  angle  bwE^  which  is  equal  to  the 
alternate  angle  wEc^  the  angle  which  the  moon  has  described  about  the  earth. 

868.  When  the  moon  returns  to  the  same  point  of  its  orbit,  the  same  face  is 
observed  to  be  towards  the  earth,  and  therefore  (367)  the  time  of  the  revolutiaa 
in  its  orbit  is  equal  to  the  time  about  its  axis.  But  in  the  intermediate  points 
it  varies,  sometimes  a  little  more  to  the  east,  and  sometimes  to  the  -west, 
becomes  visible ;  and  this  arises  from  its  angular  motion  about  the  earth  being 
not  uniform,  whilst  the  angular  motion  about  its  axis  is  so.  Hence,  the 
libration  in  longitude  is  nearly  equal  to  the  equation  of  the  orbit,  or  about  7^^  at 
its  maximum,  and  would  be  accurately  so,  if  the  axis  of  the  moon  were  perpen* 
dicular  to  its  orbit.  The  same  face  will  be  towards  the  earth  in  apogee  and 
perigee,  for  at  those  points  there  is  no  equation  of  the  orbit.  If  JS  be  the  fio. 
earth,!^!/  the  moon,  pq  its  axis,  not  perpendicular  to  the  plane  of  the  orbit  83. 
ah;  then  at  a  the  pole  p  will  be  visible  to  the  earth,  and  at  b  the  pole  q  will  be 
visible ;  as  the  moon  therefore  revolves  about  the  earth,  the  poles  must  appear 
and  disappear  by  turns,  causing  the  libration  in  latitude.  This  is  exactly  similar 
to  the  cause  of  the  variety  of  our  seasons,  from  the  earth's  axis  not  being  per- 
pendicular to  the  plane  of  its  orbit.  Hence,  nearly  one  half  of  the  moon  is 
never  visible  at  the  earth.  Also,  the  time  of  its  rotation  about  its  axis  being 
a  month,  the  length  of  the  lunar  days  and  nights  will  be  about  a  fortnight  each, 
they  being  subject  but  to  a  very  small  change,  on  account  of  the  axis  of  the 
moon  being  nearly  perpendicular  to  the  ecliptic.  Her  libration  in  latitude  is 
about  10^ 

369.  Hevelius  (Selenographia^  pag.  245.)  observed,  that  when  the  moon 
was  at  its  gr^eatest  north  latitude,  the  libration  in  latitude  was  the  greatest,  the 
spots  which  are  situated  near  to  the  northern  limb  being  then  near^  to  it ;  and 
as  the  moon  departed  from  thence,  the  spots  receded  from  that  limb,  and  when 
the  moon  came  to  its  greatest  south  latitude,  the  spots  situated  near  the 
southern  limb  were  then  nearest  to  it.  This  variation  he  found  to  be  about 
1'.  45",  the  diameter  of  the  moon  being  SO'.  Hence  it  follows,  that  when 
the  moon  is  at  its  greatest  latitude,  a  plane  drawn  through  the  earth  and 
moon  perpendicular  to  the  plane  of  the  moon's  orbit,  passes  through  the  axis 
of  the  moon ;  consequently  the  equator  of  the  moon  must  intersect  the  ecliptic 
in  a  Kne  parallel  to  the  line  of  the  nodes  of  the  moon's  orbit,  and  therefore,  in 
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the  length  of  Lr.  As  the  plane  passing  through  SM^  EMy  is  perpendicular  ta 
m  line  joining  the  cusps,  the  circle  RLV  mAy  be  conceived  to  be  a  section  of 
the  moon  perpendicular  to  that  line.  Now  it  is  manifest,  that  the  angle  SLo 
or  LCRy  is  very  nearly  equal  to  the  elongation  of  the  moon  from  the  sun ;  and 

the  triangles  LrM^  LCo  being  similar,  Lo  :  LC::Lr  :  LM=~~—^::zLr 

divided  by  the  sine  of  elongation,  radius  being  unity.  Hence  we  find  Mp  as 
before. 

Ex.  On  June  1780,  at  7  o'clock.  Dr.  Herschel  found  the  angle  under  which 
Xil/,  or  Xr,  appeared  to  be  40",625,  for  a  mountain  in  the  south  east  quadrant; 
and  the  sun's  distance  from  the  moon  was  125^  8',  whose  sine  is  ,8104  f  hence^ 
40",625  divided  by  ,8104  gives  50'', IS,  the  angle  under  which  LM  would  q»- 
pear,  if  seen  directly.  Now  the  semidiameter  of  the  moon  was  16'.  2^,6,  and 
taking  its  length  to  be  1090  miles,  we  have,  16'.  2'',6  :  50",13 ::  1090  :  LMss-^ 
56,78  miles ;  hence,  A/p=  1,4*7  miles. 

874.  Dr.  Herschel  found  the  height  of  a  great  many  more  mountains,  and 
thinks  he  has  good  reason  to  believe,  that  their  altitudes  are  greatly  overrated ; 
and  that,  a  few  excepted,  they  generally  do  not  exceed  half  a  mile.  He  ob^ 
serves,  that  it  i^onld  be  examined  whether  the  mountain  stands  upon  level 
ground,  which  is  necessary  that  the  measurement  may  be  exact.  A  low  tract 
of  ground  between  the  mountain  and  the  sun  will  give  it  higher,  and  elevated 
places  between  will  make  it  lower,  than  its  true  height  above  the  common  sur- 
&ce  of  the  moon. 
FIG.  375.  The  line  Lr  was  measured  thus.     1.  Set  the  immoveable  hair  of  the 

86*  micrometer  parallel  to  ^J3,  then  moving  the  other  hair  parallel  to  it  from  L  to 
r,  it  gives  the  measure  under  which  Lr  appears.  Or  2.  Observe  some  spot 
near  to  X,  to  which  the  line  rL  is  directed ;  or  take  a  view  of  the  shadow  of 
some  neighbouring  mountains;  either  of  these  will  indicate  a  line  perpendicular 
to  a  Une  joining  the  cusps,  sufficiently  near  to  set  the  micrometer  by.  The  last 
method  Dr.  Herschel  thinks  the  best.  But  if  the  micrometer  be  furnished  with 
an  hair  perpendicular  to  the  moveable  wire,  and  that  hair  be  made  to  coincide 
witii  Xr,  it  at  once  gives  the  position  of  the  micrometer. 

376.  On  April  19,  1787,  Dr.  Herschel  discovered  three  volcanos  in  the 
dark  part  of  the  moon ;  two  of  them  seemed  to  be  almost  extinct,  but  the  third 
showed  an  actual  eruption  of  fire,  or  luminous  matter,  resembling  a  small  piece 
of  burning  charcoal  covered  by  a  very  thin  coat  of  white  ashes ;  it  had  a  degree 
of  brightness  about  as  strong  as  that  with  which  such  a  coal  would  be  seen  to 
glow  in  &int  dayJight.  The  adjacent  parts  of  the  volcanic  mountain  seemed 
finntly  illuminated  by  the  irruption.  A  similar  irruption  appeared  on  May  4^ 
1783.  P/dL  Trans.  1787.  On  March  7,  1794,  a  few  minutes  before  8  o'clock 
in  the  evening,  Mr.  Wilkins  of  Norwich,  an  eminent  Architect,  observed,  with 
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iwe&k  the  times  of  its  rising  on  two  successive  nights,  than  at  any  other  fiiB 
mooi)  in  the  year ;  and  what  we  here  propose,  is  to  account  for  this  ^eao^ 
menon. 
FIG.  379*  Le*  P  be  the  north  pole  of  the  equator  QA 17,  HAO  the  horizon,  EAC 

87.  the  ecliptic,  A  the  first  point  of  Aries;  then,  in  north  latitudes,  A  is  the  as- 
cending node  of  the  ecliptic  upon  the  equator,  AC  being  the  order  of  the  signs^ 
and  AQ  tliat  of  the  apparent  diurnal  motion  of  the  heavenly  bodies.  When 
Aries  rises  in  north  latitudes,  the  ecliptic  makes  the  least  angle  with  the  hori« 
son;  and  as  the  moon's  orbit  makes  but  a  small  angle  witli  the  ecliptic,  let  us 
first  suppose  EAC  to  represent  the  moon's  orbit.  Let  A  be  the  place  of  the 
moon  at  its  rising  on  one  night ;  now,  in  mean  solar  time,  the  earth  makes  one 
revolution  in  23//.  56'.  4",  and  brings  the  same  point  A  of  the  equator  to  the 
horizon  again ;  but  in  that  time,  let  the  moon  have  moved  in  its  orbit  firom  A 
to  c^  and  draw  the  parallel  of  declination  tens  ;  then  it  is  manifest,  that  3'.  56^ 
before  tlie  same  hour  the  next  night,  the  moon,  in  its  diurnal  motion,  has  to 
describe  en  before  it  rises.  Now  en  is  manifestly  tlie  least  possible,  when  the 
ang^e  CAn  is  the  least,  Ac  being  given.  Hence  it  rises  more  nearly  at  the 
same  hour,  when  its  orbit  makes  the  least  angle  with  tlie  horizon.  Now  at  the 
autumnal  equinox,  when  the  sun  is  in  the  first  point  of  Libra,  the  moon,  at 
tliat  time  of  its  full,  will  be  at  the  first  point  of  Aries,  and  therefore  it  rises  with 
the  least  difierence  of  times,  on  two  successive  nights ;  and  it  being  at  the  time 
of  its  full,  it  is  more  tiiken  notice  of;  for  the  same  thing  happens  every  month 
when  die  moon  comes  to  Aries. 

•  Hitherto  we  have  supposed  the  ecliptic  to  represent  the  moon's  orbit,  but  as 
tlie  orbit  is  inclined  to  it  at  an  angle  of  5^.  9'  at  a  mean,  let  sAz  represent  the 
moon's  orbit  w*hcn  the  ascending  node  is  at  A^  and  Ar  the  arc  described  in  a 
day  ;  then  the  moon's  orbit  making  the  least  possible  angle  with  the  horizon 
in  tliat  position  of  the  nodes,  the  arc  rn,  and  consequently  the  difierence  of  the 
times  of  rising,  will  be  the  least  possible.  As  the  moon's  nodes  make  a  revo- 
lution in  about  19  years,  the  least  possible  difiereqce  can  only  happen  once  in 
that  time.     In  the  latitude  of  London  the  least  diflference  is  about  17'. 

380.  The  ecliptic  makes  the  greatest  angle  with  the  horizon  when  the  first 
point  of  Labra  rises,  consequently  when  the  moon  is  in  that  part  of  its  orbit,  the 
difference  of  the  times  of  its  rising  will  be  the  greatest;  and  if  the  descending 
node  of  its  orbit  be  there  at  the  same  time,  it  will  make  the  difference  the 
greatest  possible;  and  this  difierence  is  about  l/i.  17'  in  the  latitude  of 
London,  lliis  is  the  case  with  the  vernal  fiill  moons.  Those  signs  which 
make  the  least  angle  with  the  horizon  when  diey  rise,  make  the  greatest  angle 
when  they  set,  and  vice  versa ;  hence,  when  the  difference  of  the  times  bf 
rising  is  tiie  least,  the  difference  of  the  times  q£  setBng  is  the  greatest,  anct  the 
contrary. 
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381.  By  increasing  the  latitude,  tlie  angle  rAn^  and  consequently  m,  is  dimi- 
nished; and  when  the  time  of  describing  m,  by  the  diurnal  motion ,  is  ^.  56^,  the 
moon  will  then  rise  at  the  same  solar  hour.  Let  us  suppose  the  latitude  to  be 
increased  until  the  angle  rAn  vanishes,  then  the  moon's  orbit  becomes  coinci- 
dent with  the  horizon,  every  day,  for  a  moment  of  time,  and  consequently  tlie 
moon  rises  at  the  same  sidereal  hour,  or  3'.  56"  sooner,  by  solar  time.  Now  take 
a  globe,  and  elevate  the  north  pole  to  tliis  latitude,  and  marking  tlie  moon's 
orbit  in  this  position  upon  it,  turn  the  globe  about,  and  it  will  appear,  that  at 
the  instant  after  the  above  coincidence,  one  half  of  the  moon's  orbit,  corres- 
ponding to  Capricorn,  Aquarius,  Pisces,  Aries,  Taurus,  Gemini,  will  rise; 
hence,  when  the  moon  is  going  through  that  part  of  its  orbit,  or  for  13  or  14 
days,  it  rises  at  the  same  sidereal  hour.  Now  taking  the  angle  a:AE  =  5^.  9\ 
and  the  angle  EAQ:=z23^.  28',  the  angle  QAa^y  or  QAH when  the  moon's  orbit 
coincides  with  the  horizon,  is  28''.  37';  hence,  the  latitude  QZ  is  61^  23'  where 
these  circumstances  take  place.  If  the  descending  node  be  at  ^,  then  QAj^^ 
or  QAHzs,  IS"".  19',  and  the  latitude  is  Tl"".  41'.  In  any  other  situation  of  the 
orbit,  the  latitude  will  be  between  these  limits.  When  the  angle  QAx 
is  greater  than  tlie  complement  of  latitude,  the  moon  will  rise  every  day  soon* 
er  by  sidereal  time.  As  there  is  a  complete  revolution  of  the  nodes  in  about 
18  years  8  months,  all  the  varieties  of  the  rising  and  setting  of  the  moon  must 
happen  within  that  time. 

On  the  Horizontal  Moon. 

382.  The  ph^enomenon  of  the  horizontal  moon  is  this,  that  it  appears  largei^ 
in  the  horizon  than  in  the  meridian ;  whereas,  from  its  being  nearer  to  us  in  the 
latter  case  than  in  tlie  former,  it  subtends  a  greater  angle.  Gassendus  thought 
that,  as  the  moon  was  less  bright  in  tlie  horizon,  we  looked  at  it  there  with  a 
greater  pupil  of  the  eye,  and  tlierefore  it  appeared  larger.  But  this  is  contrary 
to  tlie  principles  of  Optics,  tlie  image  of  an  object  upon  the  retina  not  depend- 
ing upon  the  pupil.  Tliis  opinion  was  supported  by  a  French  Abbe^  who  sup- 
posed that  the  opening  of  tlie  pupil  made  the  chrystalline  humour  flatter,  and 
the  eye  longer,  and  thereby  increased  tlie  image.  But  there  -is  no  connection 
between  the  muscles  of  die  iris  and  the  other  parts  of  the  eye,  to  produce  these 
effects.  Des  Cartes  tliought  that  the  moon  appeared  largest  in  the  horizon, 
because,  when  comparing  its  distance  with  the  intermediate  objects,  it  appeared 
then  furtlies;t  off;  and  as  we  judge  its  distance  greatest  in  that  situation,  we  of 
course  think  it  larger,  supposing  that  it  subtends  the  same  angle.  This  opinion 
w»s  supported  by  Dr.  Wallis  in  the  Phil.  Trans.  N*".  187.  Dr.  Berkley  ac- 
counts for  it  thus.  Faintness  suggests  the  idea  of  greater  distance ;  the  moou 
appearing  most  faint  in  the  horizon,  suggests  the  idea  of  greater  distance,  and, 
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mppodng  Ae  visual  angle  the  mme^  that  mu^  suggest  the  idea  of  a  greater 
tangible  object*    He  does  not  suppose  the  visible  extension  to  be  greater,  but 
that  the  idtea  of  a  greater  tangibk  extension  is  suggested,  by  the  alteration  of 
the  appearance  of  the  visible  extension.     He  says,  1.  That  which  suggests  the 
idea  of  greater  magnitude,  must  be  something  perceived ;  for  what  is  not  per- 
cm*ed  can  produce  no  effect.    8.  It  must  be  something  which  is  variable,  be^ 
cause  the  moon  does  not  idways  appear  of  the  same  magnitude  in  the  horizcm. 
%.  It  cannot  lie  in  the  intermedii^  objects,  they  remaining  the  same ;  also; 
when  these  objects  are  excluded  from  sight,  it  makes  no  alteration.    4.  It  can- 
not be  the  visible  magnitude,  because  that  is  least  in  the  horizon  ;  the  caitte 
therefore  must  lie  in  the  visible  appearance,  which  proceeds  from  the  greater 
paucity  of  rays  coming  to  the  eye^  producing  Jhintness.    Mr.  Rowking  sup* 
poses,  that  the  moon  appears  furthest  from  us  in  the  horizon,  because  the  portion^ 
of  the  sky  which  we  see,  appears,  not  an  entire  hemisphere^  but  only  a  portion 
of  one  i  and  in  consequence  of  this,  we  judge  the  moon  to  be  furthest  from  us 
in  the  horizon,  and  therefore  to  be  then  largest.     Dr.  Smith,  in  his  Optics^ 
gives  the  same  reason.     He  makes  the  apparent  distance  in  the  horizon  to  be 
to  that  ia  the  zenith  as  10  to  8,  and  therefore  the  apparent  diameters  in  that 
ratio.   The  methods  by  which  he  estimated  the  apparent  distances,  may  be  seen 
in  Vol.  I.  pag.  65.     The  same  circumstance  also  takes  place  in  the  sun,  which 
appears  much  larger  in  the  horizon  than  in  the  zenith.     Also,  if  we  take  two 
stars  near  each  other  in  the  horizon,  and  two  other  stars  near  the  zenith  at  the 
same  angular  distance  from  each  other,  the  two  former  will  appear  at  a  much 
greater  distance  from  each  other,  than  the  two  latter.     Upon  this  account, 
people  are,  in  general,  very  much  deceived  in  estimating  the  altitudes  of  the 
heavenly  bodies  above  the  horizon,  judging  them  to  be  much  greater  than  they 
are.    Dr.  Smith  found,  that  when  a  body  was  about  83^  above  the  horizon,  it 
appeared  to  be  half  way  between  the  zenith  and  horizon,  and  therefore  at  that 
real  altitude  it  would  be  estimated  to  be  45^  hig^.     Upon  the  same  principle^ 
the  lower  part  of  a  rainbow  appears  broader  than  the  upper  part.     And  this 
may  be  considered  as  an  argument  that  the  phsenomenon  cannot  depend  entirely 
upon  the  greater  degree  of  fiuntness  in  the  object  when  in  the  horizon,  because 
tlie  lower  part  of  the  bow  frequently  appears  brighter  than  the  upper  part,  at 
the  same  time  that  it  appears  larger ;  also,  this  cause  could  have  no  effect  upon 
the  distance  of  the  stars }  and  as  the  difference  of  the  apparent  distance  of  two 
stars,  whose  angular  distance  is  the  same,  in  the  horizon  and  zenith,  seems  to 
be  fully  sufficient  to  account  for  the  apparent  variation  of  the  moon's  diameter 
in  tliesc  situations,  it  may  be  doubtful,  whether  the  fiuntness  of  the  object  en- 
ters into  any  part  of  the  cause. 
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CHAP.  XIX. 

ON  THE  ROTATION  OF  THE  SUN,  MOON  AND  PLANETS. 

Art  S8S.  X  HE  time  of  rotation  of  the  sun,  moon  and  planets,  and  the 
position  of  their  axes,  are  determined  from  the  spots  which  are  observed  upon 
tiieir  sui&ces*  The  position  of  the  same  spot,  observed  at  three  different 
times,  will  give  the  position  of  the  axis ;  for  three  poiftts  of  any  small  circle 
will  determine  its  situation,  and  hence  we  know  the  axis  of  the  sphere  which  is 
perpendicular  to  it.  The  time  of  rotation  may  be  found,  either  from  observ- 
ing the  arc  of  the  small  circle  described  by  a  spot  in  any  time,  or  by  observing 
the  return  of  a  spot  to  the  same  position  in  respect  to  the  earth. 


On  tJie  Rotation  of  the  Sun. 

t 

m 

S84.  It  is  doubtful  by  whom  the  spots  on  the  sun  were  first  discovered* 
ScHEiNKB)  professor  of  Mathematics  at  Ingolstadt,  observed  them  in  May, 
1611,  and  published  an  account  of  them  in  1612^  in  a  Work  entitled,  Rosa 
wsimL  He  supposed  them  not  to  be  spots  upon  the  body  of  the  sun,  but 
that  they  were  bodies  of  irregular  figures  revolving  about  the  sun,  very  near  to 
it.  Galileo,  in  the  Preface  to  a  Work  entitled,  Istoriay  Dimostrazioni^  intonio 
aUe  Macchie  Solaris  Roma  161 S,  says,  that  being  at  Rome  in  April  1611,  he 
then  showed  the  spots  of  the  sun  to  several  persons,  and  that  he  had  spoken  of 
them,  some  m<mths  before,  to  his  friends  at  Florence*  He  imagined  them  to 
adhere  to  the  sun.  Kepler,  in  his  Ephemeris,  says,  that  they  were  observed 
by  the  son  of  David  Fabricius,  who  published  an  account  of  them  in  1611. 
In  the  papers  of  Harriot,  not  yet  printed,  it  is  said,  that  spots  upon  the  sun 
were  observed  on  December  8,  1610.  As  telescopes  were  in  use  at  that  time, 
it  is  probable  that  each  might  make  the  discovery.  Admitting  these  spots  to 
adhere  to  the  sun's  body,  the  reasons  for  which  we  shall  afterwards  give,  we 
proceed  to  show,  how  the  position  of  the  axis  of  the  sun,  and  the  time  of  its 
rotation,  may  be  found. 

885.  To  determine  the  position  of  a  spot  upon  the  sun*s  surfece,  find,  by 
the  method  given  in  my  Practical  Astronomy j  Art.  125,  tlie  difference  between 
the  right  ascensions  and  dechnations  of  the  spot  and  sun's  center  ;  from  which, 
find  the  latitude  of  the  spot,  and  the  difference  between  its  longitude  and  that 
of  the  sun's  center  ;  this  may  be  done  thus.  Let  qr  Q  be  the  ecliptic,  v  C  tlie  pyc. 
equator,  AB  the  sun,  S  the  center  of  its  disc,  v  a  spot  on  its  surface }  draw      88. 
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St  parallel  to  y  C,  and  Sb^  arva  secondaries  to  t  C,  and  vr  perpendicular  to 

T  Q ';  then  ab  is  the  observed  difference  of  the  right  ascensions  of  the  spot 

and  the  sun's  center,  and  tvr  the  difference  of  their  declinations.     By  Art.  13. 

ab  X  COS.  Sb  =  So: ;   hence,  in  the  right  angled  tiiangle  v&r,  we  know  .Sir  and 

vxy  to  find  vSy  and  tlie  angle  vHa: ;  also  in  tlic  right  angled  triangle  t  Sb^  we 

know  T&  the  sun's  right  ascension,  and  bS  its  declination,  to  find  the  angle 

T  Sby  the  difference  between  whicii  and  tlie  right  angle  bSss  gives  <r  &r,  and 

as  vSx  is  known,  we  get  vSr ;  hence,  in  the  right  angled  triangle  vSr^  we 

know  t;6'  and  the  angle  vSr^  to  find  vr  the  latitude  of  the  spot,  and  rS  the 

difference  of  longitudes  of  the  spot  and  sun's  center.     Reduce  its  geocentric 

latitude  and  longitude  to  the  heUocentric  latitude  and  longitude.   To  do  which; 

tlG.     let  EACD  be  the  projection  of  the  sun's  disc,  ESC  the  ecliptic,  S  the  center 

^^-      of  the  disc,  M  a  spot  on  tlie  surface;  draw  ML  perpendicular  to  £C,  and  ML^ 

LS\  arQ  the  observed  geocentric  latitude  of  the  spot,  and  difference  of  longitudes 

bet\yeen  that  and  the  sun's  center;  hence  we  know  A'M,  which  is  the  projection 

of  the  arc  of  a  great  circle  between  the  point  S  on  the  sun's  surface  to  which 

FIG.      ^'^^  earth  is  vertical  and  the  spot,  into  its  sine.    To  find  this  arc,  let  E  be  the 

90.  earth,  £a  a  tangent  to  the  sun,  and  draw  ab  perpendicular  to  EeS ;  then  tlie 
angle  Sab  being  equal  to  SEay  the  apparent  semidiameter  of  the  sun,  the  arc 
ae  is  the  complement  of  the  sup's,  semidiameter.  Hence,  if  cf  be  a  spot  upon 
the  sun,  and  dc  be  perpendiculiir.  Ao  Se :  then,  as  ba  tfte  observed  semidiameter^ 
tJie  sine  of  the  arc  ae : :  the  observed  angle  under  which  dc  appears :  the  sine  of 

*'^G*  the  arc  dc.  Thus  we  find  the  arc  corresponding  to  SMy  or  the  angular  dis- 
tance of  the  spot  upon  the  sun's  sur&ce  from  the  middle  of  the  sun's  disc. 
Now  the  angle  MSL  in  tlie  projection,  is  equal  to  that  upon  the  surfiice  of  the 
sun  formed  by  the  great  circles ;  compute  dierefore  this  angle  from  the  right 
angled  plain  triangle  MLS.  Let  p  be  the  pole  of  the  ecliptic  upon  the  surfiice 
of  the  sun.  Then  the  angle  pSL  being  a  right  angle,  we  know  the  angle  ^iSAf 
on  the  sun's  surface,  togetlier  with  SM  and  *Sjp,  Sp  being  =:  90*^ ;  hence  we  find 
pMy  and  the  angle  MpS.  Now  as  iS  is  a  point  on  the  sun's  disc,  to  which  the 
eartli  is  vertical,  iS  seen  from  the  sun's  centre  has  the  same  longitude  as  the 
eartli,  and  is  therefore  known  ;  hence,  if  to  that  we  add,  or  from  it  subtract, 
MpSy  according  as  L  is  to  the  east  or  west  of  A',  we  get  the  longitude  of  M* 
seen  from  the  sun's  center;  and  the  difference  of  PM  and  Pv^  or  vM^  is  the 
heliocentric  latitude  of  M. 

vw.         ^®^*  '^^  determine  the  pole  P  of  the  sun's  equator  QnRN^  let  ab  be  the 

91.  path  described  by  a  spot,  and  My  Ny  O,  three  observed  positions  of  that  spot, 
the  apparent  motion  of  which  is  from  east  to  west,  the  sun  revolving  about  its 
axis  according  to  the  order  of  the  signs ;  then  (385)  we  know  Mpy  Npy  Op^ 
and  the  angles  MpNy  NpO  ;  for  as  we  know  the  angles  which  il/jp,  Npy  Op 
in;ike  with  pSy  the  angles  between  these  circles  will  be  known,  wliich  is  the 
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difference  of  Iheir  longitudes*    Join  the  points  Jlf,  Kj  O,  by  three  great 
circles,  dotted  in  the  Figure;  then  in  each  of  tiie  triangles  MpNy  MpOy  NpOj 
we  kn(j#  two  sides  and  the  included  angle  at  j9,  to  find  the  arcs  of  the  great 
circles  MN^  MOj  NOj  denoted  by  the  dotted  lines.     Now  to  find  the  arcs  oif 
the  small  circle  ai  corresponding,  take  the  sines  of  half  the  arcs  of  tiie  great 
circles^  and  the  double  will  be  the  chords.     Let  aMNOb  be  the  small  circle,     ^^^* 
Cits  center,  produce  MCto  K,  and  join  OV;  then  knoyring  the  chords  MN'^     ^^* 
NOy  MOf  we  know  the  angle  ONAI^  the  supplement  of  which  is  the  angle 
OVMj  tlie  double  of  which  is  the  angle  OCM  at  the  center,  or  the  arc  ONM 
of  the  small  circle.     Let  OvM  be  an  arc  of  the  great  circle  passing  through 
OMy  whose  radius  OD  is  equal  to  tlie  radius  of  the  sphere ;  draw  DCki\  wliich 
must  be  perpendicular  to  OAl ;  then  the  angle  OCw  shows  the  degrees  con- 
tained in  half  the  arc  ONM  of  the  small  circle,  and  the  angle  ODxcy  half  the 
degrees  in  the  great  circle  OvM ;  and  sin.  OCw^  or  OCl>y  :  sin.  GDC  :: 
OD  :  OC  ::  the  radius  of  the  sphere  :  radius  of  the  small  circle  paralM  to 
the  solar  equator,  : :  radius  :  cos.  of  the  distance  of  the  small  circle  ab  from 
the  solar  equator  ;  hence,  the  distance  of  this  small  circle  from  the  pole  P  ia     pio» 
known.    Therefore  in  the  triangle  POil/,  we  know  all  the  sides,  to  find  the      M» 
angle  PMO;  and  in  the  triangle  pMOy  we  know  all  the  sides,  to  <Ind  the 
angle  pMO;  hence  we  know  the  angle  PMp^  together  with  PJ/,  p  \T;  there*. 
fi>re  we  can  find  Pjp,  which  measures  the  indinaticm  of  tiie  sun's  axis  to  the 
ecliptic. 

887.  Let  N  be  the  ascending  node  of  the  sun's  equator ;  to  find  tlie  situa- 
tion of  which  from  the  sun's  center,  produce  pP  to  /,  then  Pt  passing  through 
the  poles  of  the  ecliptic  and  equator  must  cut  each  90*^  firom  the  node  A%  thereforc 
Nt  z=:90.  Now  to  find  the  position  of/,  find,  in  the  triangle  OPp,  the  angle  at 
p^  which  measures  the  arc  te  ;  find  (385)  also  the  angle  OpSj  or  the  arc  eS  ; 
hence  we  know  tS;  but  tlie  longitude  of  S  seen  from  ihe  sun's  center,  is  op- 
posite to  the  sun's  place  in  the  ecliptic ;  find  this  therefore  at  the  time  of  the 
observation  at  O,  and  we  get  the  longitude  of  /,  consequently  we  get  tlie  place 
N  of  the  node.  The  best  time  to  determine  the  place  of  the  node  and  the 
inclination  of  the  equator,  is  about  the  beginning  of  June  and  December, 
because  at  those  times  the  earth  being  in  the  plane  ci  the  equator,  the 
path  of  the  spot  is  most  inclined  to  the  ecliptic,  and  its  latitude  changes  the 
fastest. 

888.  To  find  the  time  of  the  sun's  rotation,  we  have  given  the  degrees  of  the 
arc  MNOj  and  the  time  the  spot  is  moving  from  Mto  O  ;  hence,  the  arc  MO 
:  360*^::  the  time  of  describing  MO  :  the  time  of  a  revolution. 

389.  But  there  is  a  shorter  and  more  elegant  method  of  determining  the 
place  of  the  node  and  inclination  of  the  axis,  given  by  M.  Cagnoli,  in  his  Tri- 
gonometry, from  the  variation  of  a  triangle  when  two  of  its  sides  remain  cou- 
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stanty  and  the  third  side  varies  by  any  finite  quantity ;  this  is;  the  case  withifaft 
triangles  PpO^  PpN^  PpMf  where  Pp  is  constant,  and  PO=zPNzzPM. 
Now  taking  any  two  of  these  triangles,  PpMj  PpN^  he  proves  that,  4iin.  \  x- 

pN-'pM  :  tan.  ^  MpN  : :  sin.  ^  x  Np+pM :  cot  ^  x  PJI/jp  +  P-R^jp,  wh«re 
all  th6  terms  are  known,  except  the  last,  which  therefore  is  known ;  in  like 
manner,  from  the  triangles  PpNj  PpOj  we  get  PNp  +  POp  ;  therefore  if  we 
put  L\  L\  L'"  for  the  observed  longitudes  of  the  spot  at  J/,  N,  .0,  and  iX, 

ir^  IT  for  PMy  PN,  PO;  also,  azi^x  PMp  +  PNpf  bzz^xPMp  +  PC^. 

Czz^xPNp  +  POp;  then 


.'.v 


tan.  ff-.s^°'  ^xiy'— Z)'x  cot,  ^x  L'—L' 

tin.  ^  X  D"  +  iy 

tan.  fr,w"-  i  X  2y'=D'  x  cot  j  x  L"-L' 
"  sin.  ^  X  WTD 

tan.  c-«n-  ^^U"^^ x cot  j x  JT^ni 

sin.ixir+lr 


•  * 


Also,   tan.  ^  OpiNT  :  tan.  ^x PNp- POp  ::  tan.  PpOT^OpN:  tan.  ^x 
PNplTFOp^  where  all  the  terms  are  known,  except  the  thi^rd^  ^of  which  one 

part  OpN  is  r'-^L";  hence,  ton.   PpO  +  ixi'-Z'stan.  | x  ZT-Z" x  tan. 

c  X  cot.  fl  — A,  which  put = tan.  .r,  and  we  have 

PpO-^ixr^^^a:      

Add  ixF'TL''=ixl7Tl: 

.\  PpO-\'L"zza:  +  ^  xlTTir  the  longitude  of  the  pole  P  of  the  Sim, 
or  of  ^,  to  which  add  90%  and  we  get  the  longitude  of  the  node  JV. 

Now  to  find  Pp^  put  P=the  longitude  of  the  pole  P,  then  PpO^P-^ 
U^Sj  and  POp^b^c^a^d;    consequently  the  tangent  of  half  the  di& 

ference  of  PM  and  Pp  igtan.  ^  IT  x  sin,  j.  ^-^^tan.  y^  and  the  tangent 

sin.  ^.  5  +  6f 

of  half  the  sum  19  tan.  jZX  xcos.  f  ^-rf,,,tan.    z;   hence,  z^yz^PM 

cos.  ^.^H-rf 
(PM  being  greater  than  Pjp)  and  Zf^y=LPp  the  inclination  of  the  aolar 
equator  to  the  ecliptic.    If  ^s  be  greater  than  180%  take  860^—^  for  f;  and 
the  same  for  d.    But  if  d  be  Jess  tlian  90%  then  Pps  lao"^— i+y,  and  PMzs. 

Ex.  According  to  the  observations  of  M.  de  la  Lande,  the  three  longitud^e 
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of  a  spot  seen  from  the  center  of  the  sun^  and  its  distance  fircmi  Uie  ^e  U>  tba 
ecliptic  in  1 775,  were  as  fcdlows ; 

Longitude  Distance  from  tlie  Pole 

June  14,     7*.   S\  34!.  21"  =zL'    ....      90^38'.    GTi^iy 

18,     9.     S.    48.  51  zzV     .     .     •     •        97*    80.      8  zzIX 
21,   10.   19.       O.  14  =X '     .       .       .       XOl.    35.   16  =/)'" 

Hence, tan.  a^^n.^xlx:nyxcot.JxL''^JJ^QO  ^^^  ^g. 

sin.  ^xB'  +  jy    

.        ,     sin.  i  X  D'-^D'  X  cot.  ^  x  U'-^L     .«   ^ ^    .^r. 
tan.  6= 2 : ^,,.     ^ -=4.34.   10 

sin.  ^xJP'h  Zy 

...  .     sin.  ^x/F^rZFxcot.jxZrn?     ^, 

tan.  c= : — ; — -yv/'    y^*' ^'^  .   13.   2 

sm.  ^  X  2/  +  JT 

Hence,   tan.  ^  x  X''^ - X'^  x tan,   ex  cot,  a- ^=i tan,   of  50^  26'.  50^=^j  con^ 
sequently = PpO  +  L" = J?  +  i  x  JL'"  +  X"  =  11*.  l7^  51'.  20"  the  longitude  P  of 
the  pole  of  the  sun ;  hence,  the  longitude  of  the  node  N  is  2\  17"*.  51'.  20". 
Now  P-i"=28^  51'.  6",  6+c-a=S°.  SO'.  27";  hence, 

,     -TTTT — 5r-  .  tftn.  ^  i>"  X  sin.  |  xs-^d     ^^o    ^^    ^/ 

tan.  ixPM^Pp = tan. y= 2_ —         *^ =4S^  59".  tf' 

*  x-  •^  an.  ijx*-frf 

tan.  -J  D"  X  COS.  ^  ^— rf 

tan.  ixPM  +  Pp=tan.  *= c^3^x.,^.rf =^1^  l*'  10" 

Hence,  (PAf  being  greater  than  Pp^)  we  have  PAf=:?^+y=:95^  IS'.  lO^'tht 
distance  of  the  spot  from  the  north  pole  of  the  sun ;  and  Pp=jjf  — y=7^  15*. 
10*  the  inclination  of  the  solar  equator  to  the  ecliptic. 

390.  M.  Cassini,  from  his  own  observations,  makes  the  inclination  of  the 
sun's  axis  74'',  calling  the  inclination  the  distance  from  the  perpendicul^  to 
the  ecliptic ;  and  the  place  of  the  node  2*.  8^.  Le  P.  Scheiner  supposes  the 
inclination  to  be  7^.  M.  de  PIsle  found  it  6^.  35',  from  one  set  only  of  ob- 
servations. The  place  of  the  node  was  determined  by  M.  Cassini  the  Son,  to 
be  2'.  10°.  M.  de  PIsle  found  it  r.  26^  Le  P.  Scheiner,  in  1626,  fixed  it 
at  2*.  10°.  From  the  diflSculty  of  determining  the  exact  position  of  the  spots, 
the  place  of  the  node  and  inclination,  more  particularly  the  former,  are  subject 
to  considerable  errors,  and  accuracy  can  only  be  depended  upon,  fr^m  the 
mean  of  a  great  number  of  observations.  It  does  not  appear  that  the  place 
of  the  node,  and  the  inclination,  are  subject  to  any  change. 

391.  M.  de  la  Lande  has  given  the  following  method  of  correcting  tb? 
^lace  of  the  node,  and  the  inclination  of  the  equator.  He  supposes  the  place 
of  the  node,  and  the  inclination  to  be  nearly  laiown  ;  and  from  three  observed 
latitudes  and  longitudes  of  a  spot,  he  computes  its  declination,  which  ought  to 
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be  the  same  in  each  case^  if  the  above  quantities  be  rightly  assumed ;  if  the 
declinations  come  out  diflferent^  he  changes  the  assumed  place  of  the  node  and 
inclination,  according  to  the  errors,  until  the  declination  comes  out  the  same 
for  each  observation,  and  then  concludes  the  quantities  to  be  rightly  assumed, 
so  &x  as  the  observations  are  true.  For  example ;  He  assumes  the  place  of  the 
node  n  8".  17^,  and  inclination  7®.  30f.  Now  in  1775,  he  found  by  observa- 
tion on  June  14,  the  latitude  of  a  spot  0^.  S8'  south,  longitude  7'.  8°.  34;  on 
June  18,  the  latitude  7^  30',  and  longitude  9\  ^.  49' ;  and  on  June  21,  the 
latitude  ll^  85' j  and  longitude  10*.  19"^;  hence  (393)  the  corresponding  de- 
clinations by  calculation  are  5^  17',  5^.  2' and  4^  57'.  By  making  the  inclina- 
tion 7^  20',  the  first  and  last  declinations  become  5°.  11'  and  5°.  6';  therefore 
by  diminishing  the  inclination  10',  the  declinations  of  the  spot  at  the  first  and 
last  observations  are  brought  nearer,  by  15*}  hence,  15'  :  10' ::  5'  (the 
difference  of  5^.  1 1'  and  5^.  6')  :  3',  which  subtracted  from  7°.  20'  gives 
7**.  17'  for  the  inclination,  which  will  give  the  first  and  last  declination  5^.  9'. 
With  this  inclination  7°.  1 7',  the  second  observed  place  gives  5°.  6'  for  the 
declination,  differing  S'  for  the  two  other.  His  second  hypothesis  is  to  chaqge 
the  place  of  the  node  in  order  to  ms^ke  the  declinations  at  the  first  and  tl)ird 
observations  agree }  he, therefore  supposes  the  place  of  the  node  to  be  S\  2fi\ 
And  by  going  through  the  calculations  as  before,  he  finds,  that  an  inclination 
of  7**.  10'  will  give  5°.  33'  for  the  declination  at  the  first  and  third  observations, 
and  5^  47'  at  the  second,  differing  14'.  Hence  he  arranges  the  two  hypotheses 
thus.  ' 


■■* » 


Node 


8*.  17^.0' 
8.  22.  O 


Diff.5.  O 


Inclina- 
tion. 


7^  17' 
7.   10 


O.     7 


Decl.pn 

June  14 

and  Si 


5^.    9' 
5.  33 


O.    24 


Declina- 
tion on 
June  18 


5^    6' 

5.   47 


O.   41 


Diffe- 
rence of 
Declin*. 


S'  less 
14  more 


17diff. 


Here  a  change  of  5^  of  the  node  and  7'  in  the  inclination  has  made  a  differ- 
ence of  1 7'  in  the  sum  of  the  errors.  Hence,  to  alter  the  place  of  the  node  and 
inclination  to  make  both  the  difierences  3'  and  14'  vanish,  say,  17'  :  5®::  s'  .- 
53',  which  added  to  8'.  IT  gives  8*.  17^  5S'i  also,  lY  :  7'::  3'  :  1',  subtract 
therefore  l'  from  7**.  17'  and  it  gives  7^  16'  for  the  corresponding  inclination. 
Lastly,  to  find  the  corresponding  declinations,  say,  17'  :  24'::  3'  :  4',  add  this 
4'  to  5^.  9'  and  it  gives  5^.  13'  for  the  declination  on  June  14  and  21 ;  and  IT' 
:  41' : :  3'  :  7',  add  this  f  to  the  declination  5^.  6'  on  June  1«,  and  it  gives  5^. 
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18'  for  the  declination  at  that  tSrf*.* '  HcAfctf/^th*^^  place  of  the  node  »'.  17^  53', 
and  inclination  7^  16',  give  S^  IS'  fi)r*<bfe ^cUhatiott  of  the  spot  at  the  three 
observations,  and  thereforfe  We  nlay  cdfaclnfl^ttie  place  of  the  node  and  inclina- 
tion to  be  truly  ascertained,* as  near  Ss ^tBP'bbscATitibns ^fiali  give  it.  It  will 
be  always  proper  to  go  through  with  all^hetfalculatioiis'  Sgain,  after  you  have 
thus  deduced  the  place  of  the  node  andlncHnatibn,  and  see  whether  they  give 
the  declinations  the  same  at  each  observation  ^  'if  ifiot,  another  correction  must 
be  made  in  the  sisime  mannef  j  but  thisTwill  tk/t  be  found  necessary,  unless  you 
have  considerably  altered  the  place  of  the  no^  and  inclination  ;  in  which  case, 
the  approximations  may  not  be  sufficiently  exact ;  and  after  all,  the  small  er- 
rors which  the  observations  must  be  subject  tdij  renders  it  unnecessary  to  seek  . 
for  a  nearer  agreement  in  the  declinations  than  S'  or  4'*  Hiis  may  be  consi- 
dered as  a  correction  of  the  place  of  the  node  and  inclination,  as  determined 
nearly  by  any  other  method* 

392.  When  the  eartli  is  in  the  nodes  of  the  sun's  equator,  it  being  then  in 
its  plane,  the  spots  appear  to  describe  straight  lines ;  this  happens  about  the 
banning  of  June  and  December.  As  the  earth  recedes  from  the  nodes,  the 
path  of  a  spot  grows  more  and  more  elliptical,  till  the  earth  gets  90^  from  the 
nodes,  which  happens  about  the  beginning  of  September  and  March,  at  which 
time  the  ellipse  has  its  minor  axis  the  greatest,  and  is  then  to  the  miyor  axis, 
as  the  sine  of  the  inclination  of  the  solar  equator  to  radius* 

393.  To  find  the  right  ascension  nv  of  the  spot  at  O  from  the  descending  fig. 
node  n,  and  the  declination  Ovj  we  have,  in  the  right  angled  triangle  neO^  ne  ^^* 
the  difierence  of  the  longitudes  of  n  and  O,  with  eO  the  latitude  of  O,  to  find 

On,  and  the  angle  One  /  and  as  we  know  xme^  we  shall  know  vnO  ;  hence,  in 
the  right  angjed  triangle  Ovn^  we  kno^  nO  and  the  angle  Onv^  to  find  vn  the 
right  ascension  of  O  measured  from  the  node  n,  and  Ov  its  declination. 

394.  If  the  latitude,  longitude  and  decUnation  of  a  spot  be  known,  we  may 
find  its  right  ascension  thus.  By  spher.  trig.  rad.  x  cos.  nO  =  cos.  ne  x  cos. 
Ocy   and  rad.  x  cos.  nO  r:  cos.'  nv  x  cos.  Ov  ;  hence,   cos.  ne  x  cos.  Oe = cos. 

wt;xcos.  Ovy   consequently  the  cos.  df  right  ascen.  nv=:^^^*  nexcos.  Oe_ 

^        -^  '  ^  COS.  Ov 

COS.  dist.  from  node  X  cos,  hel.  lat.^    jf  ^^  therefore  calculate  the  right  ascension 

COS.  hel.  dec. 
of  the  same  spot  at  two  difierent  times,  we  get  its  motion  in  right  ascension  in 
the  interval  of  these, times;  hence,  that  motion  :  360°:: the  interval  of  the 
times  :  the  time  of  the  rotation  of  the  sun  in  respect  to  the  nodes,  or,  as  it  does 
not  appear  that  the  node  has  any  sensible  motion,  it  gives  the  true  time  of  ro- 
tation. Or  the  time  may  be  determined  by  the  return  of  a  spot  to  the  same 
declination  or  right  ascension.  Thus  M.  de  la  Lande  has  found  the  time  of 
rotation  to  be  25c/.  lOA.  and  the  return  of  the  spots  to  the  same  situation,  to  be 
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S74l.  Ih.  57'.  28".  M.  Casssni  determined  the  time  of  rotation,  from  observing^ 
the  time  in  which  4t  spot  returns  to  the  same  situation  upon  the  disc,  or  to  tibe 
circle  of  latitude  passiiig  through  the  earth.  Let  /  be  that  interval  of  time,  and 
let  m  be  -equal  to  tiie  true  motiDn  of  the  earth  in  that  time,  and  n  equal  to  its 
mean  motren;  tiien  seoP^m  :  S60P^n::t :  the  thne  of  return  if  the  motion 
iied  been  uniibrm^  and  thiB,  from  a  great  nuaiber  of  observations,  he  determines 
to  be  a?*/.  12*.  20';  now  the  mean  nKition  of  tiie  earth  in  that  time  is  27^  7'* 
8";  hence,  360'' 4-27**.  7'.  8*  :  860''::  27rf.  12A.  20'  :  25rf.  14*.  8'  the  time  of  ro- 
tation. Ulem.  d  ^AsHron.  pag.  104.  But  tiiis  method  is  not  capable  of  so  much 
accuracy  as  the  other. 

S95.  There  Iws  been  a  great  difference  of  opinions  respecting  the  nature  erf* 
the  solar  spots.  Schsiner  supposed  tbem  to  be  solid  bodies  revolving  about 
the  sun,  very  near  to  it ;  but  as  they  are  as  long  visible  as  they  are  invisible, 
this  cannot  be  the  case.  Moreover,  we  have  a  physical  argument  against  this 
JhyfM»(Ihesia,  which  is,  that  most  of  them  do  not  revc^ve  about  the  sun  in  a  plane 
parsing  tbroogk  its  center^  which  tiiey  necessarily  must,  if  they  revolved,  like 
the  plancfts,  about  the  sun.  Galilco  confuted  SdrfiiNaa's  opinion,  by  obsen^ 
ing  that  tbe  spats  were  not  permanent ;  that  they  varied  their  figure  ;  that  they 
TOcreased  and  decreased,  and  sometmies  ^foappeared.  He  compared  them  to 
smoke  and  clouds.  Hevslius  appears  to  have  been  of  the  same  opinion ;  for 
in  his  CometograpfUaj  page  960,  speaking  of  the  solar  ^ots,  he  says,  hcec  ma- 
teria fame  ea  ipsa  est  evaporatio  et  ewhalatio  (qma  aliunde  minime  oriri  potest  J 
qtue  ex  ipso  eorpore  soHs^  at  supra  ostensum  est^  expiratwr  et  eo'halatur.  But  the 
permanency  of  most  of  the  ^ots  is  an  argument  against  this  hypothesis.  M. 
de  la  Hire  supposed  them  to  be  solid,  opaque  bodies,  which  swim  upon  the 
liquid  matter  of  the  sun,  and  which  are  sometimes  entirely  immersed.  M.  de 
la  Lanehb  supposes  that  the  sun  is  an  opaque  body,  covered  with  a  liquid  fire, 
and  that  the  ^K)ts  arise  from  the  opaque  parts,  like  rocks,  which,  by  the  alter- 
nate flux  and  reflux  of  the  liquid  igneous  matter  of  the  sun,  are  sometimes 
•raised  above  the  surface.  The  spots  are  frequently  dark  in  the  middle,  with 
an  umbra  about  them ;  and  M.  de  la  Lande  supposes  tiiat  that  part  of  the  rock 
which  stands  above  the  surface  forms  tlie  dark  part  in  the  center,  and  those 
parts  which  are  but  just  covered  by  the  igneous  matter  form  the  umbra.  Dr. 
Wilson,  Professor  of  Astronomy  at  Glasgow,  opposes  this  hypothesis  of  M.  de 
la  Lande,  by  this  argument.  Generally  speaking,  the  umbra  immediately 
contiguous  to  the  dark  central  part,  or  nucleus,  instead  of  being  very  dark,  as 
it  ought  to  be,  from  our  seeing  the  immersed  parts  of  the  opaque  rock  through 
a  thin  stratum  of  the  igneous  matter,  is,  on  the  contrary,  very  nearly  of  the 
^ame  splendour  as  the  external  surface,  and  the  umbra  grows  darker  the  further 
it  recedes  from  the  nucleus ;  this,  it  must  be  acknowledged,  is  a  strong  ai^u- 
ment  against  the  hypothesis  of  M.  de  la  Lande.     Dr.  Wilson  further  observes, 
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that  M.  de  la  Lands  produces  no  optical  argunents  in  support  of  the  rgyok 
standing  above  the  surface  of  the  sun.     The  opinion  of  Dr.  Wilson  is,  tha^  thiK 
spots  are  excavations  in  the  luminous  matter  of  the  sun,  the  bottom  of  which 
forms  the  umbra.     They  who  wish  to  see  the  arguments  by  which  this  is  sup- 
ported, must  consult  the  Phil.  Trans.  1774  and  1783.     Dr.  Halley  conjee- 
tuved  that  the  spots  are  formed  in  the  atmos|^re  of  t&e  sun*     2>r.  tf£|i«(C»£L 
supposes  the  sun  to  be  an  opaque  bo^dy,  and  that  it  has  an  atmospb^ffe ;  and  ii 
some  x)f  the  fluids  which  efiter  into  its  composition  should  be  of  a  shining  bnyU 
iiancy,  whilst  others  are  merely  transparent,  any  temporary  q9H^  wt^ch  vmy 
remove  tdie  lucid  flnid  wiU  permit  us  to  see  the  body  of  lUie.^UiQ  Jjbtfrpugh  t^ 
tnvnspanent  ones.     See  the  PAi7.   Trans.  1795.     Dr,  Hasschi;!.  oa.iApHl  »<>• 
1779,  ^Bw  a  spot  which  measured  l'.  8%06  in  diameter,  which  is  eqqi^  in  If^s^tb 
to  more  than  31  lliousand  miles ;  this  was  visible  to  the  naked  eye.    .Reside 
the  dark  spots  upon  the  aun,  there  are  also  parts  of  the  SiUfi,  cadW  Fiscukh 
LucttHj  kc.  wliich  are  brighter  than  tlie  general  suiface ;  th^e  ^iv^a  abojo^d 
most  fin  the  neighbourhood  of  the  spots  themselves,  or  ^ere  fsipotfi  ntfimUfy 
have  been.     Most  of  the  spots  appear  within  the.  compass  of  a  ;zone  lyii^  91^ 
on  each  side  of  the  equator;  but  on  Ji^  S^  1780^  M.  de  la  JWak  observed  a 
spot  4f0f  irom  tibe  equator.     Spots  wfadch  have  disappeared  have  •been  <fd)serveel 
to  break  out  agaiD.    The  spots  afipear  so  jfrequently,  that  Aistropomerfi  miy 
vddora  examine  the  sun  witih  their  telescopes,  bift  ti^ey  see.spwbe.)  SqiiEniKm 
saw  SQ  at  once.    The  ibUowoig  j^Menomena  of  ^e  fi|^ts  sxe  df^cntifod  by 
ScHisiMirR  and  Hevelius.  # 

i.  Every  spot  which  hath  a  nudems,  bath  ateo  4W  wabni  fiixnmm^isig  iL 
IL  The  boundary  between  the  nucleus  and  umbna  is  always  w^,  defined* 

III.  The  increase  of  a  spot  is  gradual,  the  breadth  ef  the  nuclew^aodfiliBibra 
dilating  at  the  same  time. 

IV.  The  decrease  of  a  spot  is  gradual,  the  breadth  of  the  nucleus  and  um- 
bra contracting  at  the  same  time. 

V.  The  exterior  boundary  of  the  umbra  never  consists  of  sharp  angles,  but 
is  always  curvilinear,  however  irregular  the  outline  of  the  nucleus  may  be. 

VI.  The  nucleus,  when  on  the  decrease,  in  many  cases  changes  its  %ure, 
by  the  umbra  encroaching  irregularly  upon  it. 

VII.  It  often  happens,  by  these  encroachments,  that  the  nucleus  is  divided 
into  two  or  more  nuclei. 

VIII.  The  nucleus  vanishes  sooner  than  the  umbra. 

IX.  Small  umbroe  are  frequently  seen  without  nuclei. 

X.  An  umbra  of  any  considerable  size  is  seldom  seen  without  a  nucleus. 

XI.  When  a  spot,  consisting  of  a  nucleus  and  umbra,  is  about  to  disappear, 
if  it  be  not  succeeded  by  a  facula,  or  more  fulgid  appearance,  the  place  it  oc- 
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cupied,  is,  soon  after,  not  distinguishable  from  any  other  part  of  the  sun's 
surface. 


FIO» 

89. 


On  the  Rotation  of  the  Moon. 

S96.  The  latitude  and  longitude  of  some  one  spot,  as  seen  jBrom  the  mo<m's 
center^  must  be  determined  (S85)  as  for  the  sun ;  but  (referring  to  Fig,  89.) 
pS  is  not,  as  for  the  sun,  equal  to  90^,  but  it  is  the  moon's  distance  from  the 
pole  of  the  ecliptic,  for  the  pole  of  the  ecliptic  will  not  lie  in  the  circumference 
of  the  moon's  disc,  as  in  the  case  of  the  sun,  except  when  the  moon  is  in  the 
ecliptic ;  for  as  the  moon  leaves  the  ecliptic,  it  is  manifest  that  the  pole  of  the 
ecliptic  will  approach  upon  the  disc,  or  recede  behind  the  moon,  by  a  quanti- 
ty equal  to  the  moon's  latitude ;  at  tlie  time  of  observation  therefore,  pS  will 
be  known,  by  knowing  the  moon's  latitude ;  also  SM  and  the  angle  pSM  are 
determined  as  for  the  sun ;  hence  we  can  compute  pM  i&e  distance  of  the  spot 
from  the  north  pole  of  the  ecliptic,  and  the  angle  SpM  the  difference  between 
the  longitude  of  the  spot  and  that  of  the  earth  seen  frt)m  the  moon,  therefixre 
the  longitude  of  the  earth  being  known,  .the  longitude  of  the  spot  seen  from 
the  moon's  center  will  be  known.  We  thus  find  the  latitude  and  longitude  of 
a  spot  at  three  different  times,  seen  from  the  center  of  the  moon,  in  respect  to 
the  ecliptic,  or  to  a  circle  drawn  through  the  center  of  the  moon  parallel  to  the 
edipttc }  and  with  these  three  observations,  we  can  determine  the  situation  of 
the  lunar  equator,  in  the  same  manner  as  fbr  the  sun ;  but  Mater  has  given 
another  me^od  by  approximation,  by  which  he  can  employ  more  observations 
fbr  one  operation,  and  thereby  increase  the  accuracy  of  the  conclusion.  Those 
spots  near  the  center  are  the  best  for  this  purpose,  because  their  change  is  most 
sensible ;  Maybr  has  therefore  chosen  that  called  Manilius,  the  observations 
upon  which  are  contained  in  the  following  Table* 
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True  Time  at 
Nurembei^. 


SJ/=  pSM= 


1748. 
April 

May 


June 


'■"^»" 


D. 
11. 

13. 
11. 
16. 

17. 

5. 
13. 
14. 
July      2. 

4. 

5. 

6. 

7. 

8. 

9. 

-    10. 

■    11. 

•    12. 

15. 

3. 
14. 

1. 

2. 

27. 

88. 
25. 


Aug. 

Nov. 

■ 

t>ec. 
1749; 
Jao. 
Feb. 
March  4. 


i 


H.     M. 

11.      1 

9.  301 
10.56 
16.  11 
15.56 

9.  58 
14.  O 
12.  50 

9.  23 

6.  49 
8.    4 

8.  34 

9.  4 

10.  4 

11.  15 

12.  5 

13.  15 
13.  5 
13.35 

7.  5 
11.  34 

5.44 
6.  29 
4.  47 

3.  59 

11.43 
11.42 


O  / 

17.20 
15.  8 
15.29 
13.26 
14.23 
18.    2 

14.  18 

15.  12 
18.  .2 

17.  3e 

17.23 
16.20 
15.43 

15.  8 
14.38 
14.34 
15.83 

16.  O 
19.38 
16.10 
Sa28 
19.27 
8a  26 
80.54 


58.  11 
58.35 
60.  40 
28.45 
20.49 
62.  16 
25.48 

16.47 
61.56 
64.29 
64.49 

62.37 
58..10 
52.  O 
44.26 

83.24 

16.57 

2.  14 

60.27 

4.  16 

15.  S3 

11.50 

7.19 


Apparent 
long,  of  a 


6. 


o. 


Appar. 
lat.of< 


8.  56 
17.30 
14.46 


9.59 
14.53 
54.26 


6.27. 

7.  6. 

9.22. 

10.  6. 

6.  2. 
10.  0. 
10.  14. 

5.28. 
6.23. 

7.  7. 
7.21. 

8.  6. 
8.21. 

9.  7. 
9.22. 

10.  8. 
10.23. 

a  6. 

7.29. 
1. 11. 
11.24. 
0.  9. 
O.  14. 


o 

4. 
5. 
5. 


35 
24 
19 
14 
33 
53 
24 
43 
25l4. 


11 
18 


345. 


15 


334. 


12 
50 
37 


340. 


37 
58 

2 
42 

1 


444. 


pM= 


2. 
1. 
4. 
1. 
0. 


5. 
6. 


5. 


3. 
2. 
O. 


3. 

5. 
4. 
3. 
3. 


16  s. 
27- 
51  - 
31  • 

17- 
56- 
41  - 
25  - 
54- 
48  - 

8- 
57- 
30- 
44- 
38  - 
19- 
51  - 
30  n; 
41  - 
46  8. 
25  N. 

4- 
46- 
21  - 


2.16.  03.  O- 
8.37.532.  O- 
5.  22.  9  4.  42  s. 


76.  50 
76.  52 
76.  48 
75.  45 
75.  18 
76.59 
75.  29 

75.  3 

76.  55 
76.57 
76.  48 
76.  49 
76.26 
76.  7 
76.  2 
75;  46 
75.  4 

75.  13 
74.  4 

76.  31 
74.  5 
74.  21 
78.  51 
73.  36 


■•k 


SpM^ 


74.  22 

75.  6 

76.  53 


O    / 

15.  4 

13.  14 
13.50 

6.  38 

5.  14 

16.  20 

6.  23 
4.  30 

16.  17 
16.  16 
16.  7 

14.  52 
13.  42 
12.  14 
10.  30 

8.  29 
6.  16 

4.  46 

0.  47 
14.25 

1.  33 

5.  19 
4.  16 

2.  43 


Longitude  of 
ManiliuB  at 
(L  's  center 


O. 
1. 
1. 
3. 
4. 
0. 
4. 
4. 
O. 
1. 
1. 
2. 
2. 
3. 
3. 
4. 
4. 
4. 
6. 
2. 

7. 
6. 
6. 
6. 


3.  21 

4.  35 
12.  17 


O    / 

15.  39 
10.  39 
20.  9 
28.  52 

11.37 
19.  13 

6.47 
19.  13 
14.  42 

9.  27 
23.  25 

6.  26 
19.  57 

3.47 
17.  42 

1.  19 
14.  53 
28.20 

7.  24 
14.  23 

12.  35 
O.  1 

13.  17 
17.27 


8.  19.  21 

9.  2.  28 

10.  4.  26 


07.  Let  QDV  represent  the  &ce  of  the  moon  next  to  the  earth ;  C  the 

r  of  the  moon's  disc ;  QNXthe  lunar  equator,  P  its  pole;  D^^tfae 

c  referred  to  the  moon's  sur&ce,  or  rather  a  circle  passing  through  its 

>:irallel  to  the  ecliptic,  and  which  extended  to  the  heavens  may  be  con. 

coinciding  vrith  it,  p  its  pole,  which  is  not,  as  in  the  sun,  in  the  out- 

QDV;  J/Manilius,  through  which  draw  the  great  circles  pMB, 

1  ct  <r  be  the  first  point  of  Aries  seen  from  tlie  moon's  center ; 

' '  latitude  of  Manilius,  which  is  a  variable  quantity,  and  known 

■■ ,  and  therefore  we  know  pM  its  complement ;  Pp  is  the  dis- 

oles,  or  the  inclination  of  the  lunar  equator  to  the  ecliptic ; 
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ML  is  the  declination^  of  Manilius  ;  aiul  t  A^  is  the  longitude  of  the  node  N 
of  the  lunar  equator.  Now  when  p  falb  between  P  and  AT,  Mp  is  the  least ; 
and  when  p  is  opposite  to  that  situation,  Mp  is  the  greatest ;  and  half  the  dif^ 
ference  gives  Pp  the  distance  of  the  poles,  or  the  inclination  of  the  lunar 
equator  to  the  ecliptic.  But  as  Mp  is  the  complement  of  latitude  of  My  .it  is 
manifest  that  the  above  mentioned  half  difference  is  half  the  difference  of  the 
greatest  and  least  complements  of  latitudes  of  J/.  Now  by  inspection  in  the 
Table^  the  greatest  observed  value  of  pM  is  76^  59fy  and  the  least  value  is  73°. 
36',  half  the  difference  of  which  is  1^  4l',5,  which  is  nearly  the  value  of  Pp, 
and  would  be  accurately  so,  if  we  could  be  sure  that  the  above  values  of  pM 
were  the  greatest  and  least  possible.  Also,  (369)  the  node  N  of  the  lunar 
equator  coincides,  or  nearly  so,  with  the  node  of  the  lunar  orbit.  Put  a=iPpj 
brtLMj  g^TBj  hzzpMj  /=the  distance  of  the  node  N  of  the  lunar  equator 
from  the  node  of  its  orbit,  A;*=the  longitude  of  the  ascending  node  of  the  orbit; 
then  /r  +  /=r-ythe  longitude  of  the  node  of  the  lunar  equator;  hence,  ^—^ 
-^tzzNBj  or  the  angle  NpB^  and  therefore  3/pP  =  90*'—g^  + A' +  /,  because 
the  great  circle  passing  through  the  poles  of  any  two  great  circles  must  be  90^ 
from  their  intersection.  Now  in  the  triangle  MPp^  (Trig.  Art.  243.)  cos. 
PJIf=cos.  Ppxcos.  jpikf  +  sin.  Ppxsin.  pM  x  cos.  PpM^  that  is,  cos. 
90* — fc=cos.  a  X  COS.  h  +  sin.  a  x  sin.  k  x  cos.  90®— ^-f-*  +  #,  or  sin.  fc=  cos. 


a  X  COS.  A  +  sin.  a  X sin.  Ax  sin.  ^— A:  — A     Now  by  plain  trig.  sin.  ^— A:— /= 
sin.  g-^k  xcoe.  /—sin.  txcos.g-^k;  but. as  /  is  very  small,  we  may  assume 
the  COS.  /:s:i ;  and  as  n  is  also  veiy  small,  cos.  a=l  ;  hence,  by  snbstitiition 
and  transposition,  sin.  6— cos.  Ai=sin.  a  x  sin.  h  x  sin.  ^— £— sin.  a  x  sin.  k  x 
sin.  *  X  cos.  g  —  k.     But  as  Pp  is  very  small,  6=90** — A  +  or,  where  .r  must  be 

very  small,  it  never  being  more  than  Pp ;  hence,  sin.  6r:co8.  A— xsscos.  h  x 
COS.  4T-f  sin.  h  X  sin.  .r  =  (as  cos.  4?=i=l  very  nearly,  and  sin.  jr=Jr)  oos.  A4-ir  x 


- 
sin.  /r,  therefore  sin.  ft— cos.  h.zzx  x  sin.  A=:6— 90°  — A  x sin.  A.     Substitute  this 

quantity  for  sin.  ft  — cos.  A  in  the  above  equation,  divide  by  sin.  A,  and  for  sin. 

a  substitutes,  and  we  have  ft  — 90**  — A  =  a  x  sin,^'*--A-  — a  xsin. /x  cos.  ^— A. 
Now  the  quantities  gj  A,  k  are  known  from  observation,  to  find  a,  ft,  t;  to  do 
which,  we  must  form  three  equations  from  three  different  values  of  g^  h  and  *, 
from  whence  we  can  find  s,  ft,  /. 

For  this  purpose,  Mayer  has  taken  the  observations  on  July  2,  10,  and  15,  in 
the  Tables  j  hence. 


^  Writers  upon  this  subject  call  this  the  Lunar  Lfttitude,  but  this  makes  a  coofusion  of  terms;  I 
\\AS(i  phohcn  to  call  it  Declination^  it  being  the  distance  of  tlve  spot  froui  the  lunar  equator. 
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To  apply  more  than  three  observations  to  one  operation,  Mayer,  having  cal* 
culated  the  27  observations  in  the  Table,  formed  27  equations  similar  to  the 
three  formed  before ;  then  he  added  nine  of  them  together,  and  thus  formed 
the  following  equations. 

96  -  1 1 8"^.  8'  =z  +  8,4987tx  -  0,7932fl  x  sin.  t. 
96-140.  17  = -6,1404fl+l,7443flxsin.  t 
9b  -  1 27.     32  =  +  2,7977fl  +  7,9649a  x  sin.  /. 

In  the  forming  of  these  equations,  nine  equations  were  taken  for  the  first,  so 
as  to  make  the  positive  coefficient  of  a  as  great  as  possible  ;  nine  for  the  se- 
cond, to  make  the  negative  coefficient  the  greatest ;  and  the  third  was  formed 
from  the  other  nine.  By  this  means,  when  we  exterminate  all  but  Cy  its  co- 
efficient will  be  the  greatest,  and  will  give  the  most  accurate  value  of  a.  Pro- 
ceeding therefore  as  before,  we  get  a  =  89',9  =  1°.  30'  very  nearly,  differing  10* 
from  the  other  determination,  which  cannot  be  considered  so  accurate  as  this ; 
J=  14°.  33',  the  same  as  before ;  /=  —  3°.  45',  giving  the  longitude  of  the  node 
of  the  lunar  equator  about  as  much  less  as  the  other  gave  it  greater.  This 
value  of  a  gives  the  inclination  of  the  moon's  axis  to  tlie  plane  of  its  orbit= 
6°.  39'.  "And  as  the  longitude  of  the  node  of  the  moon's  orbit  at  the  begin- 
ing  of  1748,  was  10*.  18°.  56',  that  of  its  equator  was  10*.  15°.  11'. 

In  the  year  1763,  M.  de  la  Lande,  in  the  month  of  October  repeated  these 
observations,  and  found  the  inclination  to  be  1°.  43',  and  the  declination  of 
Manilius  14°.  35' ;  he  thinks  this  determination  is  more  to  be  depended  upon 
than  that  from  the  observations  of  Mayer.  He  also  found  tlie  distance  of  tlie 
nodes  of  the  moon's  orbit  and  equator  to  be  about  2°,  at  a  time  when  the  dis- 
tance  of  the  node  of  the  lunar  orbit  was  60°  from  the  place  where  it  was  in 
1748.  We  may  tlierefore,  with  Cassini,  conclude,  that  the  nodes  of  the  bmar 
eqtuztor  agree  with  the  mean  place  of  the  nodes  of  the  Iwiar  orbit j  and  consC' 
quently  their  mean  motions  are  the  same  ;  a  very  remarkable  circumstance. 

398.  The  values  of  <r  B  and  t  N  being  known,  we  know  NB  the  longitude 
of  M\  and  its  latitude  MB  being  also  known,  together  with  the  angle  BNL^ 
we  can  (393)  find  the  right  ascension  NL  of  Manihus.  Hence,  compute  the 
right  ascension  at  any  intervals  of  time,  and  it  appears  that  the  right  ascension 
increases  uniformly,  therefore  the  rotation  of  the  moon  about  its  axis  is  uniform, 
and  consequently  is  performed  (355')  in  27rf.  7//.  43'.  11  ",5. 

399.  As  L  is  a  fixed  point  upon  the  moon's  surface,  if  the  right  ascension  of 
any  other  point  estimated  from  L  be  found,  and  also  its  declination,  the  situa- 
tion of  that  point  will  be  known.  Thus  we  might  lay  down  the  figure  of  the 
lunar  disc. 

On  the  Rotation  of  the  P/miets. 

400.  Tlie  Georgian  is  at  so  great  a  distance,   that  Astronomers,  with  their 
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best  telescopes,  have  not  been  able  to  discover  whether  it  has  any  revolution 
about  its  axis. 

401.  Saturn  was  suspected  by  Cassini  and  Fato,  in  168S,  to  have  a  revolu- 
tion about  its  axis ;  for  they  one  day  saw  a  bright  streak,  which  disappeared  the 
next,  when  another  came  into  view  near  the  edge  of  its  disc ;  these  streaks  are 
called  Belts.  In  1719,  when  the  ring  disappeared,  Cassini  saw  its  shadow 
upon  the  body  of  the  planet,  and  a  belt  on  each  side  parallel  to  the  shadow. 
When  the  ring  was  visible,  he  perceived  their  curvature  was  such  as  agreed 
with  the  elevation  of  the  eye  above  the  plane  of  the  ring.  He  considered  them 
as  similar  to  our  clouds  floating  in  the  atmosphere ;  and  having  a  curvature 
similar  to  the  exterior  circumference  of  the  ring,  he  concluded  that  they  ought 
to  be  nearly  at  the  same  distance  from  the  planet,  and  consequently  the  atmo- 
sphere of  Saturn  extends  to  the  ring.  Dr.  Herschel  found  that  the  ar- 
rangement  of  the  belts  always  followed  the  direction  of  the  ring ;  thus,  as  the 
ring  opened,  the  belts  began  to  show  an  incurvature  answering  to  it.  And 
during  his  observations  on  June  19,  20  and  21,  1780,  he  saw  the  same  spot  in 
three  different  situations.  He  conjectured  therefore,  that  Saturn  revolved  about 
an  axis  perpendicular  to  the  plane  of  its  ring.  Another  argument  in  defence 
of  this  is,  that  the  planet  is  an  oblate  spheroid,  having  the  diameter  in  the  direc« 
tion  of  the  ring  to  the  diameter  perpendicular  to  it  as  about  11  :  10,  according 
to  Dr.  Herschel  ;  the  measures  were  taken  with  a  wire  micrometer  prefixed 
to  his  20  feet  reflector.  The  truth  of  his  conjecture  he  has  now  verified,  hav- 
ing determined  that  Saturn  revolves  about  its  axis  in  lOh.  16'.  0'',4.  Phil.  Trans. 
1 794.  The  rotation  is  according  to  the  order  of  the  signs. 

402.  Jupiter  is  observed  to  have  belts,  and  also  spots,  by  which  the  time  of 
its  rotation  can  be  very  accurately  ascertained.  M.  Cassini  found  the  time  of 
rotation  to  be  9h.  56',  from  a  remarkable  spot  which  he  observed  in  1 665.  In 
October  1691,  he  observed  two  bright  spots  almost  as  broad  as  the  belts ;  and 
at  the  end  of  the  month  he  saw  two  more,  and  found  them  to  revolve  in  9h. 
51- ;  he  also  observed  some  other  spots  near  Jupiter's  equator,  which  revolved 
in  9h.  50';  and,  in  general,  he  found  that  tlie  nearer  the  spots  were  to  the 
equator,  the  quicker  they  revolved.  It  is  probable  therefore  that  these  spots 
are  not  upon  Jupiter's  surface,  but  in  its  atmosphere;  and  for  this  reason  also, 
that  several  spots  which  appeared  round  at  first,  grew  oblong  by  degrees  in  a 
direction  parallel  to  the  belts,  and  divided  themselves  into  two  or  three  spots. 
M.  Maraldi,  from  a  great  many  observations  of  the  spot  observed  by  Cassini 
in  1 665,  found  the  time  of  rotation  to  be  9h.  56' ;  and  concluded  that  the  spots 
had  a  dependence  upon  the  contiguous  belt,  as  the  spot  had  never  appeared 
without  the  belt,  though  the  belt  had  without  the  spot.  It  continued  to  ap- 
pear  and  disappear  till  1694,  and  was  not  seen  any  more  till  1708;  hence  he 
concluded,  that  the  spot  was  some  effusion  from  the  belt,  upon  a  fixed  place  of 
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Jupiter's  body,  for  it  always  appeared  in  the  same  place.  Dr.  Herschjsl  found 
the  time  of  rotation  of  different  spots  to  vary,  and  that  the  time  of  revolutUm 
of  the  same  spot  diminished;  for  the  spot  observed  in  1778  revolved  as  follows. 
From  February  25  to  March  2,  in  9 A.  55'.  20"  j  from  March  2  to  the  14th,  in  9A. 
54'.  58^* ;  from  April  7  to  the  12th,  in  9h.  51'.  35'.  Also,  from  a  spot  observed 
in  1779,  its  rotation  w^s,  from  April  14  to  tlie  19th,  in  9A.  51'.  45" ;  from  April 
19  to  the  2Sd,  in  9A.  50'.  48".  This,  he  observes,  is  agreeable  to  the  theory  of 
equinoctial  winds,  as  it  may  be  some  time  before  the  spot  can  acquire  the  velo- 
city of  the  wind ;  and  if  Jupiter's  spots  should  be  observed  in  different  parts 
of  its  year  to  be  accelerated  and  retarded,  it  would  amount  almofit  to  a  demon* 
stration  of  its  monsoons,  and  their  periodical  changes.  M.  Schroeteb  makes 
the  time  of  rotation  9/i.  SS!.  SQ\& ;  he  observed  the  same  variations  aa  Dr« 
Herschel.  The  rotation  is  according  to  the  order  of  the  signs*  This  phnet 
is  observed  to  be  flat  at  its  poles.  Dr.  Pound  measured  the  polar  and  equa- 
torial diameters,  and  found  them  as  12  :  13.  Mr.  Short  made  them  as  IS  : 
14.  Dr.  Bradley  made  them  as  12,5  :  13,5.  Sir  I.  Newton  makes  the  ratio 
9i  :  10}  by  theory.  The  belts  of  Jupiter  are  generally  parallel  to  its  equator, 
which  is  very  nearly  parallel  to  the  ecliptic;  they  are  subject  to  great  varia^ 
tions,  both  in  respect  to  their  number  and  figure }  sometimes  eight  have  teen 
seen  at  once,  and  at  other  times  only  one  \  sometimes  they  continue  for  three 
months  without  any  variation,  and  sometimes  a  new  belt  has  been  formed  in 
an  hour  or  two.  From  their  being  subject  to  such  changes,  it  is  very  probable, 
that  they  do  not  adhere  to  the  body  of  Jupiter,  but  exist  in  its  ateosphere. 

403.  Galileo  discovered  the  phases  of  Mars  ;  after  which,  some  Italians, 
in  1636,  had  an  imperfect  view  of  a  spot.  But  in  1666,  Dr.  Hook  and  M. 
Cassini  discovered  some  well  defined  spota ;  and  the  latter  determined  the  time 
of  the  rotation  to  be  24A.  40'.  Soon  afler,  M.  Maraldi  observed  some  spots, 
and  determined  the  time  of  rotation  to  be  24^.  39'.  He  also  observed  a  very 
bright  part  near  the  southern  pole,  appearing  like  a  polar  zone ;  tliis,  he  says, 
has  been  observed  for  60  years  *,  it  is  not  of  equal  brightness,  more  than  one 
half  of  it  being  brighter  than  tlie  rest;  and  tliat  part  which  is  least  bright, 
is  subject  to  great  changes,  and  has  sometimes  disappeared.  Something  like 
this  has  been  seen  about  the  north  pole.  The  rotation  is  made  according  to 
the  order  of  the  signs.  Dr.  Herschel  makes  the  time  of  a  sidereal  revolution 
to  be  24A.  39'.  2r,67,  without  tlie  probability  of  a  greater  error  than  2",34. 
He  proposes  to  find  the  time  of  a  sidereal  revolution,  in  order  to  discover,  by 
future  observations,  whether  there  is  any  alteration  in  the  time  of  the  revolu- 
tion of  the  earth,  or  of  the  planets,  about  their  axes ;  for  a  change  of  either 
would  thus  be  discovered.  He  chose  Mars,  because  its  spots  are  permanent. 
Seethe  PfeV.  Trans.  1781.  From  further  observations  upon  Mars,  which  he 
published  in  the  PhiL   Trans.   1784,  he  makes  its  axis  to  be  inclined  to  tlie 
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ecliptic  59^.  42',  and  61°.  18'.  to  its  orbit  ^  and  the  north  pole  to  be  directed  to 
17^  47'  of  Pisces  upon  the  ecliptic,  and  19°.  28'.  on  its  orbit.  He  nudces  the 
ratio  of  the  diameters  of  Mars  to  be  as  16  :  15.  Dr.  Maskelynb  has  care*> 
fully  observed  Mars  at  the  time  of  opposition,  but  could  not  perceive  anj 
difference  in  its  diameters.  Dr.  Herschel  observes,  that  Mars  has  a  consiv 
derable  atmosphere. 

404.  Galileo  first  discovered  the  phases  of  Venus  in  161 1,  and  sent  the  dis- 
covery to  William  de*  Medici,  to  communicate  it  to  Kepler.  He  sent  it  in 
this  cypher,  Huec  immaturce  a  me  Jrustra  kguntuTj  o,  y^  which  put  in  order,  is, 
Cynthice  figuras  asmvlatur  mater  amorumy  that  is,  Venus  emulates  the  phases  qf 
the  moon.  He  afterwards  wrote  a  letter  to  him,  giving  an  account  of  the  disco- 
very, and  explaining  the  C3rpher.  In  1666,  M.  Cassini,  at  a  time  when  Venus 
was  dichotomised,  discovered  a  bright  spot  upon  it  at  the  straight  ec^Cy  like 
some  of  the  bright  spots  upon  the  moon's  surface ;  and  by  observing  its  motiMi, 
which  was  upon  the  edge,  he  found  the  sidereal  time  of  rotation  to  be  23A.  i6v 
In  the  year  1726,  Bianchini  made  some  observations  upon  the  spots  of  Venus, 
and  asserted  the  time  of  rotation  to  be  24^  days ;  that  the  north  pole  answered 
to  the  20th  degree  of  Aquarius,  and  was  elevated  15**.  or  20°.  above  its  orbit ; 
and  that  the  axis  continued  parallel  to  itself.  The  small  angle  which  the  axis  of 
Venus  makes  with  its  orbit,  is  a  singular  circumstance  ;  and  must  cause  a  very 
great  variety  in  the  seasons.  M.  Cassini,  the  Son,  has  vindicated  his  Father, 
and  shown  from  Bianchini's  observations  being  interrupted,  that  he  might 
easily  mistake  different  spots  for  the  same ;  and  he  concludes,  that  if  we  sup- 
pose the  periodic  time  to  be  23A.  20',  it  agrees  equally  with  their  observations; 
but  if  we  take  it  24i  days,  it  will  not  at  all  agree  with  his  Father's  observa- 
tions. M.  ScHROETER  has  endeavoured  to  show  that  Venus  has  an  atmosphere, 
from  observing  that  the  illuminated  limb,  when  horned,  exceeds  a  semicircle  j 
this  he  supposes  to  arise  from  the  refraction  of  the  sun's  rays  through  the  atmo-^ 
sphere  of  Venus  at  the  cusps,  by  which  they  appear  prolonged.  Tlie  cusps 
appeared  sometimes  to  run  15°.  19'.  into  the  dark  hemisphere  ;  from  which  he 
computes  that  the  height  of  tlie  atmosphere  to  refract  such  a  quantity  of  light 
must  be  15156  Paris  feet.  But  this  must  depend  on  the  nature  and  density 
of  the  atmosphere,  of  which  we  are  ignorant.  Phil.  Trans.  1792.  He  makes 
the  time  of  rotation  to  be  2Sh.  21',  and  concludes,  from  his  observations,  that 
there  are  considerable  mountains  upon  this  planet.  Phil.  Trans.  1795.  Dr. 
Herschel  agrees  with  M.  Schroeter,  that  Venus  has  a  considerable  atmo- 
sphere ;  but  he  has  not  made  any  observations,  by  which  he  can  determine, 
either  the  time  of  rotation,  or  the  position  of  the  axis.     Phil.  Trans.  1793. 

405,  The  phasc3  o^ Mercury  are  easily  distinguished  to  be  Hke  those  of  Venus; 
but  no  spots  have  yet  been  discovered  by  which  we  can  ascertain  whether  it  has 
any  rotation.  8 
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406.  There  is  reason  to  believe  that  the  satellites  of  Jupiter  and  Saturn  re- 
volve about  their  axes  j  for  the  satellites  of  the  former  appear  at  different  times  to 
be  of  very  different  magnitudes  and  brightness.  The  fifUi  satellite  of  Saturn 
was  observed  by  M.  Cassini  for  several  years  as  it  went  tlirough  the  eastern  part 
of  its  orbit  to  appear  less  and  less,  till  it  became  invisible  ;  and  in  the  western 
part  to  increase  again.  These  phenomena  can  hardly  be  accounted  for,  but  by 
supposing  some  parts  of  the  surfaces  to  be  unfit  to  reflect  light,  and  therefore 
when  such  parts  are  turned  towards  the  earth,  they  appear  to  grow  less,  or  to 
disappear.  As  the  same  appearances  of  this  satellite  returned  again  when  it 
came  to  the  same  part  of  its  orbit,  it  affords  an  argument  that  the  time  of  the  ro- 
tation about  its  axis  is  equal  to  the  time  of  its  revolution  about  its  primary,  a 
circumstance  similar  to  the  case  of  the  moon  and  earth.  See  Dr.  Herschel's 
account  of  this  in  the  Phil.  Trans.  1792.  The  appearance  of  this  satellite  of 
Saturn  is  not  always  the  same,  and  therefore  it  is  probable  that  the  dark  parts 
are  not  permanent 


CHAP.  XX. 

ON  THE  SATELLITES. 

Art.  407.  On  January  8,  1610,  Galileo  discovered  the  four  satellites  of  Ju^ 
pilery  and  called  them  Medicea  Sidera^  or  Medicean  Stars^  in  honor  of  the  fa,- 
mily  of  the  Medici,  his  patrons.  This  was  a  discovery,  very  important  in  its 
consequences,  as  it  furnished  a  ready  method  of  finding  the  longitudes  of 
places,  by  means  of  their  eclipses ;  tlie  eclipses  led  M.  Roemer  to  the  dis- 
covery of  the  progressive  motion  of  light ;  and  hence  Dr.  Bradley  was  enabled 
to  solve  an  apparent  motion  in  the  fixed  stars,  which  could  not  otherwise 
have  been  accounted  for. 

408.  The  satellites  oi  Jupiter  in  going  from  the  west  to  the  east  are  eclipsed 
by  the  shadow  of  Jupiter,  and  as  they  go  from  east  to  west  are  observed  to  pass 
.over  its  disc  j  hence  they  revolve  about  Jupiter,  and  in  the  same  direction  as 
Jupiter  revolves  about  the  sun.  The  three  first  satellites  are  always  eclipsed, 
when  they  are  in  opposition  to  the  sun,  and  the  lengths  of  the  eclipses  are  found 
to  be  different  at  different  times ;  but  sometimes  the  fourth  satellite  passes 
through  opposition  without  being  echpsed.  Hence  it  appears,  that  the  planes 
of  the  orbits  do  not  coincide  with  the  plane  of  Jupiter's  orbit,  for  in  that  case, 
they  would  always  pass  through  the  center  of  Jupiter's  shadow,  and  there  would 
always  be  an  eclipse,  and  of  the  same,  or  very  nearly  the  same  duration,  at 
every  opposition  to  the  sun.  As  the  planes  of  the  orbits  which  they  describe 
sometimes  pass  through  the  eye,  they  will  then  appear  to  describe  straight  lines 
])assing  through  the  center  of  Jupiter ;  but  at  all  other  times  they  will  appear 
to  describe  ellipses,  of  which  Jupiter  is  the  center. 


On  the  Periodic  Tinies^  and  Distances  of  Jupiter^  s  Satellites. 

409.  To  get  the  times  of  their  mean  ^^norfic  revolutions,  or  of  their  revolu- 
tions in  respect  to  the  sun,  observe,  when  Jupiter  is  in  opposition,  the  passage 
of  a  satellite  over  the  body  of  Jupiter,  and  note  the  time  when  it  appears  to  be 
exactly  in  conjunction  with  the  center  of  Jupiter,  and  that  will  be  the  time  of 
conjunction  with  the  sun.  After  a  considerable  interval  of  time,  repeat  the 
same  observation,  Jupiter  being  in  opposition,  and  divide  the  interval  of  time 
by  the  number  of  conjunctions  with  the  sun  in  that  interval,  and  you  get  the 
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time  of  a  ^^norf/c  revolution  of  the  satellite.  This  is  the  revolution  which  we 
have  occasion  principally  to  consider,  it  being  that  on  which  the  eclipses  de- 
pend. But  owing  to  the  equation  of  Jupiter's  orbit,  this  will  not  give  the  mean 
time  of  a  synodic  revolution,  unless  Jupiter  was  at  the  same  point  of  its  orbit  at 
both  observations  j  if  not,  we  must  proceed  thus. 

410.  Let  AIPR  be  the  orbit  of  Jup&ter,  S  the  sun  in  one  focus,  and  F  the 
other  focus ;  and  as  the  excentricity  of  the  orbit  is  small,  the  motion  may  be 
considered  (227)  as  uniform  about  F.  Let  Jupiter  be  in  its  aphelion  at  A  in 
opposition  to  the  earth  at  T,  and  L  a  satellite  in  conjunction  ;  and  let  /  be  the 
place  of  Jupiter  at  its  next  opposition  with  the  earth  at  Z),  and  the  satellite  in 
conjunction  at  G.  Then  if  the  satellite  had  been  at  O,  it  would  have  been  in 
coiijunction  with  F,  or  in  mean  conjunction ;  therefore  it  wants  the  angle  FIS 
of  being  come  to  the  mean  conjunction,  which  angle  is  (227)  the  equation  of 
the  orbit  according  to  the  shnple  elliptic  hypothesis^  which  may  be  here  used,  as 
the  excentricity  of  the  orbit  is  but  small ;  the  angle  FIS  therefore  measures 
the  difference  between  the  mean  synodic  revolutions  in  respect  to  F^  and  the 
synodic  revolutions  in  respect  to  the  sun  S.  If  therefore  n  be  the  number  of 
revolutions  which  the  sateUite  has  made  in  respect  to  the  sun,  n  x  S6(f — S/Js 
the  revolutions  in  respect  to  F ;  hence,  n  x  360®  -  SIF  :  360® : :  the  time  be- 
tween the  two  oppositions  :  the  time  of  a  mean  s}modic  revolution  about  the 

sun. 

41 1.  As  the  satellite  is  at  O  at  the  mean  conjunction,  and  at  G  when  in  con- 
junction with  the  sun,  it  is  manifest,  that  if  the  angle  FIS  continued  the  same, 
the  time  of  a  revolution  in  respect  to  S  would  be  equal  to  the  time  in  respect  to 
J*,  or  to  the  time  of  a  mean  synodic  revolution  ;  hence,  the  difierence  between 
the  times  of  any  two  successive  revolutions  in  respect  to  S  and  F  respectively  is 
as  the  variation  of  the  angle  FIS^  or  variation  of  the  equation  of  tiie  orbit. 
When  Jupiter  is  at  A  the  equation  vanishes,  and  the  times  of  the  two  con- 
junctions at  F  and  S  coincide.  Wheii  Jupiter  comes  to  /,  the  mean  con- 
junction at  O  happens  after  the  true  conjunction  at  G,  by  the  time  of  describ- 
ing the  angle  SIFy  the  equation  of  Jupiter's  orbit.  This  is  Xhefrst  inequaUty, 
and  has  for  its  argument  a  number  called  A^  which  is  the  mean  anomaly  of  Ju- 
piter, calculated  to  hundredths  of  a  degree.  By  this  inequality  of  the  intervals 
of  the  conjunctions,  the  returns  of  the  ecHpses  are  affected. 

412.  But  as  it  may  not  often  happen  that  there  will  be  a  conjunction  of  the 
satellite  exactly  at  the  time  when  Jupiter  is  in  opposition,  the  time  of  a  mean 
revolution  may  be  found,  out  of  opposition,  thus.  Let  H  be  the  eartii  when 
the  satellite  is  at  Z  in  conjunction  with  Jupiter  at  R ;  and  let  V  be  another 
position  of  the  earth  when  the  satellite  is  at  C  in  conjunction  with  Jupiter  at  /; 
and  produce  RH^  IV  to  meet  in  M ;  then  the  motion  of  Jupiter  about  the 
earth  in  this  interval  is  the  same  as  if  the  earth  had  been  fixed  at  M.    Now  the 
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difference  between  the  true  and  mean  motions  of  Jupiter  is  RFI-^RMI^FIM 
4-  FRMy  which  shows  how  much  the  number  of  mean  revolutions  in  reject  to 
JP  exceeds  the  same  number  of  apparent  revolutions  in  respect  to  the  earth ; 
hence,  n  x  S&y*  ^  MIF^  MRF  :  360"^ ::  the  time  between  the  observations  ; 
the  time  of  a  mean  synodic  revoUition  of  the  satellite.  If  C  and  Z  lie  on  the 
other  side  of  O  and  F,  the  angles  MIF,  MRF  must  be  added  to  n  x  360°; 
and  if  one  lie  on  one  side  and  the  other  on  the  other,  one  must  be  added  and 
the  other  subtracted,  according  to  the  circumstances. 

413.  As  it  is  difficult,  from  the  great  brightness  of  Jupiter,  to  determine  ac- 
curately the  time  when  the  satellite  is  in  conjunction  with  the  center  of  Jupiter 
as  it  passes  over  its  disc,  the  time  of  conjunction  is  determined  by  observing 
its  entrance  upon  the  disc,  and  its  going  off;  but  as  this  cannot  be  determined 
with  so  much  accuracy  as  the  time  of  immersion  into  the  shadow  of  Jupiter, 
and  emersion  from  it,  the  time  of  conjunction  can  be  most  accurately  deter- 
mined from  the  eclipses. 

414.  Let  /  be  the  center  of  Jupiter's  shadow  FG^  Nmt  the  orbit  of  a  satel- 
lite, N  the  node  of  the  satellite  upon  the  orbit  of  Jupiter ;  draw  Iv  perpendi- 
cular to  IN^  and  Ic  to  Nt;  and  when  the  satellite  comes  to  v  it  is  in  con- 
junction *  with  the  sun.  Now  both  the  immersion  at  m  and  emersion  at  t  of 
the  second,  third,  and  fourth  satellites  may  sometimes  be  observed,  the  middle 
point  of  time  between  which  gives  the  time  of  the  middle  of  the  eclipse  at  r, 
and  by  calculating  ct;,  from  knowing  the  angle  N  and  NI^  we  get  the  time  of 
conjunction  at  v.  If  both  the  immersion  and  emersion  cannot  be  observed, 
take  the  time  of  either,  and  after  a  very  long  inter\'al  of  time,  when  an  eclipse 
happens  as  nearly  as  possible  in  the  same  situation  in  respect  to  tlie  node,  take 
the  time  of  the  same  phaenomenon,  and  from  the  interval  of  these  times  you 
will  get  the  time  of  a  revolution.  By  these  different  metliods,  M.  Cassini 
found  the  times  of  the  mean  synodic  revolutions  of  the  four  satellites  to  be  as^ 
follows ; 
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First 

Second 

Third 

Fourth 

1".  18\  28'.  36" 

3^  13*.  17'.  54" 

7".  3*.  59'.  36" 

16".  18*.  5'.  7" 

415.  Hence  it  appears,  ihat  247  revolutions  of  the  first  satellite  are  per* 
formed  in  4S7rf.  SA.  44';  123  revolutions  of  the  second,  in  437rf.  Sh.  41';  61 
revolutions  of  the  third,  in  437e/.  Sh.  S5\  and  26  revolutions  of  the  fourth,  in 


^  A  Satellite  is  said  to  1>e  in  conjunclion,  both  when  it  is  between  the  Sun  and  Jupiter,  and  whea 
it  is  opposite  to  the  Sun ;  the  latter  may  be  called  Superior,  and  the  former  If{ferior, 
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4tS5€L  14A.  13'.     Therefore  after  an  interval  of  437  days,  the  three  first  satd- 
lites  return  to  their  relative  situation  within  nine  minutes. 

416.  In  the  return  of  the  satellites  to  their  mean  conjunction,  they  describe 
a  revolution  in  their  orbits  together  with  the  mean  angle  a®  described  by  Jupi- 
ter in  that  time ;  therefore  to  get  the  periodic  time  of  each,  we  must  say,  S6(J* 
-h  a°  :  360° : :  time  of  a  synodic  revolution  :  the  time  of  a  periodic  revolution  ; 
hence  the  periodic  times  of  each  are  ; 


First 

Second 

Third 

Fourth 

1*.  18\  27'.  S3" 

S^  1S\  13'.  42" 

7".  3\  42'.  33" 

16".  16*.  32'.  8' 

417*  The  distances  of  the  satellites  from  the  center  of  Jupiter  may  be  fbond 
at  the  time  of  their  greatest  elongations,  by  measuring,  with  a  micrometer,  at 
that  time,  their  distances  from  the  center  of  Jupiter,  and  also  the  diameter  of 
Jupiter,  by  which  you  get  their  distances  in  terms  of  the  diameter.  Or  it  may 
be  done  tlius.  Wlien  a  satellite  passes  over  the  middle  of  the  disc  of  Jupiter, 
observe  the  whole  time  of  its  passage,  and  then,  the  time  of  a  revolution  :  the 
time  of  its  passage  over  the  disc ::  360^  :  the  arc  of  its  orbit  corresponding  to 
the  time  of  its  passage  over  the  disc ;  hence,  the  sine  of  half  that  arc  :  radius 
::the  semidiameter  of  Jupiter  :  the  distance  of  the  satellite.  Ttius  M.  Cassini 
determined  their  distances  in  terms  of  tlie  semidiameter  of  Jupiter  to  be,  of 
the  first  5,67,  of  the  second  9^  of  the  third  1 4,38,  and  of  the  fimrth  25,3. 

418.  Or  having  determined  the  periodic  times  and  the  distance  of  one  satel- 
lite, the  distances  of  the  other  maybe  found  from  the  proportion  of  the  squares 
of  tiie  periodic  times  being  as  the  cubes  of  their  distance.  Mr.  Pound,  with  a 
telescope  15  feet  long,  found,  at  the  mean  distance  of  Jupiter  from  the  earth, 
the  greatest  distance  of  the  Jburih  satellite  to  be  8'.  16";  and  by  a  telescope  128 
feet  long  he  found  the  greatest  distance  of  the  third  to  be  4'.  42";  hence,  the 
greatest  distance  of  the  second  appears  to  be  2'.  56".  47'^,  and  of  the  first  1'.  51". 
6".  Now  the  diameter  of  Jupiter,  at  its  mean  distance,  was  determined,  by 
Sir  I.  Newton,  to  be  ST'i ;  hence,  the  distances  of  the  satellites,  in  terms  of 
the  semidiameter  of  Jupiter,  come  out  5,965;  9,494;  15,141,  and  26,63  re- 
spectively.    Prin.  Math.  Lib.  ter.  Phcen. 

Hence,  by  knowing  the  greatest  elongations  of  the  satellites  in  minutes  and 
seconds,  we  get  their  distances  from  the  center  of  Jupiter  compared  with  the 
mean  distance  of  Jupiter  from  the  eartli,  by  saying,  the  sine  of  the  greatest 
elongation  of  the  satellite  :  radius::  the  distance  of  the  satellite  from  Jupiter  : 
die  mean  distance  of  Jupiter  from  the  earth. 
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On  ilie  Eqtmtioris  of  Jupiter^ s  Satellites. 

419.  The  conjunction  of  the  satellites  with  the  sun,  and  their  eclipses,  can-^ 
not  (411)  return  at  equal  intervals  of  time,,  on  account  of  the  unequal  motion 
of  Jupiter,  which  constitutes  the  greatest  inequality  j  because  these  intervals 
are  equal  to  a  revolution  in  their  orbits  increased  by  the  time  of  describing  an 
angle  equal  to  that  which  Jupiter  has  described  in  these  intervals,  which  angle 
is  variable.  The  true  conjunctions  compared  with  the  mean  may  therelbre 
vary  by  twice  the  greatest  equation  of  Jupiter's  orbit,  or  by  11°.  8'.  2"  accord- 
ing to  M.  Wargentin  j  because  Jupiter  in  one  part  of  its  orbit  will  be  5^ 
34'.  1"  behind  its  mean  place,  and  in  another  part  5^.  34'.  l"  before  it.  To  find 
tliis  inequality,  or  equation,  in  time,  say,  360°  :  5°.  34'.  l" : :  a  synodic  revo- 
lution :  the  equation  answering  to  the  greatest  equation  of  Jupiter's  orbit, 
which  is  found  to  be  39'.  22",  \h.  19'.  13",  2/i.  39.  42",  and  6h.  12'.  59"  for  the 
first,  second,  third  and  fourth  satellite  respectively.  This  equation  depending 
on  Jupiter's  anomaly,  has  (411)  for  its  argument  A  the  mean  anomaly  of  Ju- 
piter. But  as  the  excentricity,  and  consequently  the  greatest  equation  of  Ju- 
piter's orbit,  is  subject  to  a  change,  this  equation  must  also  be  variable.  M. 
Cassini  first  employed  this  equation  in  calculating  the  eclipses. 

420.  Another  equation  arises  fi:om  the  progressive  motion  of  light.      When 

the  earth  is  at  T  and  Jupiter  in  opposition  at  Aj  tlie  ecUpse  begins  sooner  by  ^^^* 
16'.  15"  than  when  the  earth  is  at  N^  and  Jupiter  at  A^  light  taking  that  ^^* 
time  to  move  over  the  diameter  of  the  earth's  orbit*.  If  therefore  we 
suppose  Jupiter  to  revolve  about  tlie  sun  in  a  circle  at  its  mean  distance, 
and  V  and  w  be  the  places  of  the  earth  when  at  its  mean  distance  from  Ju- 
piter, whilst  the  earth  is  in  the  part  vNw  of  its  orbit,  the  light  from  the  satellite 
comes  later  to  the  earth,  than  when  at  its  mean  distance ;  and  when  the  earth 
is  in  the  part  wl\)j  the  light  comes  sootier;  consequently  the  ecUpse  happens 
later  in  the  former  case,  and  sooner  in  the  lattery  than  it  would,  if  the  earth 
were  at  its  mean  distance.  This  difference  constitutes  the  Jirst  and  greatest 
equation  of  light ;  it  is  nothing  when  Jupiter  is  at  its  mean  distance  firom  the 

♦  M.  Cassini  first  suspected  that  light  was  progressive,  from  observing  that  the  inymersions  of*  the 
first  satellite,  as  they  are  oWrved  from  the  conjunction  of  Jupiter  to  its  opposition,  took  place  sooner  * 
and  sooner  in  respect  to  the  computed  time  ;  and  that  the  emersions,  as  they  are  observed  from  oppo* 
sition  to  conjunction,  took  place  later  and  later.  But  he  perceived  tliat  if  he  admitted  this  for  the  fii-st 
satellite,  it  niu^t  be  admitted  fur  the  three  others,  which  did  not  appear  to  him  to  require  this  equa* 
tion  ;  he  therefore  gave  up  the  idea.  M.  Rormkr  did  not  think  that  M.  Cassini's  objection  to  the 
pro-^ressive  motion  of  light  was  well  founded ;  he  therefore  adopted  the  idea,  and  established  the  fact. 
Dr.  IIalley  observed,  that  it  was  necessary  to  allow  for  the  motion  of  hghl  in  the  other  satellites^ 
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earth,  and  is  at  its  maximum  when  Jupiter  is  in  conjunction  and  opposition,  at 
which  time  its  quantity  is  half  16'.  15%  or  8'.  7'',5.     This  equation  is  subtrac- 
tive  in  vNw^  and  additive  in  wTv  ;   and  has  for  its  argument,  the  elongation  of 
Jupiter  from  the  sun.     But  Jupiter  does  not  move  in  a  circular  orbit ;  and  if  A 
be  the  apogee  and  P  the  perigee,  the  difference  between  AS  and  PS  is  such, 
that  light  moves  through  PS  in  4'.  5"  sooner  than  it  does  through  AS.    Now 
this  equation  beginning  when  Jupiter  is  at  its  mean  distance,  the  half  of  4'.  5", 
or  2'.  2",5,  is  the  greatest  equation  arising  from  this  cause,  the  excentricity  of 
.  the  orbit.     Hence,  the  argument  for  this  equation  is  the  anomaly  of  Jupiter. 
This  equation  is  additive  when  Jupiter  is  at  a  less  than  its  mean  distance,  and 
subtraciivey  when  at  a  greater.     This  is  the  second  equation  of  light.     These 
three  equations,  that  is,  the  equation  of  Jupiter's  orbit  (419)  and  the  twoequa* 
tions  of  light,  are  manifestly  common  to  all  the  satellites,  the  apparent  times  at 
which  the  eclipses  of  all  the  satellites  happen,  being  equally  affected  by  them* 
But  besides  these  equations,  there  are  others  which  belong  to  each,  the  manner 
of  determining  which  has  generally  been,  to  compare  a  great  number  of  obser- 
vations  with  the  calculations,  after  taking  into  consideration  tlie  preceding^ 
equations,  and  the  difference  between  such  computations  and  the  observations 
must  give  the  equation  required.     Such  an  equation  however  may  be  the  result 
of  several  inequalities,  in  which  case  it  must  be  separated  into  several  equa- 
tions ;  and  by  trying  one  set  of  equations  after  another,  and  by  increasing  some 
and  diminishing  others,  or  adding  new  ones.  Astronomers  have  made  their 
Tables  agree  very  well  with  observations.     Equations  thus  introduced,  are  called 
Empyric.     And  this  is  the  only  way,  where  there  is  not  proper  data  to  compute 
their  value  from  theoiy,  or  to  separate  them  by.     The  uncertainty  of  tlie  quan- 
tity of  matter  in  the  satellites,  renders  the  theory,  in  estimating  the  efiects  of 
tlie  disturbing  forces  upon  each  other,  subject  to  the  same  degree  of  uncer- 
tainty. 

421.  M.  Bailly,  in  his  Essai  sur  la  Tfieorie  des  Satellites  de  Jupiter^  has 
shown,  that  the  inequalities  of  the  first  satellite  arises  from  the  attraction  of  the 
secondy  which  produces  an  equation  of  about  3'.  30"  in  time,  or  of  29',  30".  on 
the  orbit,  as  was  found  by  M.  Wargentin.  In  the  year  1719,  Dr.  Bradley* 
found  that  in  the  years  1682,  1695,  1718,  the  eclipse  of  the  first  satellite  lasted 
about  2h.  20' ;  but  at  the  other  node  in  1677  and  1689,  the  duration  was  only 
2//.  14';  this  appeared  to  indicate,  that  the  motion  of  the  satellite  was  not  uni- 
form, and  consequently  that  the  orbit  might  be  excentric ;  he  nevertheless  sus- 
pected that  it  arose  from  the  attraction  of  the  second,  as  the  reader  may  see  in 
the  PA//.  Irans.  1726.  M.  Wargentin's  Tables,  which  agree  very  well  with 
observations,  contain  this  equation.  M.  Bailly  and  M.  de  la  Grange  examin- 
ed this  matter  very  fully,  and  found  that  all  the  irregularities  of  the  first  satellite 
arose  from  the  attraction  of  the  second,  and  produced  an  effect  of  about  3'.  30* 
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in  time.    This  equation  is  as  die  sine  of  the  distance  from  the  point  where  it  is 

nothing. 

422.  The  second  sateUite  is  subject  to  the  greatest  irregularities.  It  appears 
from  observation,  that  the  equation  amounts  to  about  16'i^  in  time,  of  which  the 
period  is  437  days,  which  indicates  that  it  is  produced  by  the  attractions  of  the 
first  and  third,  for  in  that  time  the  three  first  satelUtes  return  to  the  same  situ- 
ation  in  respect  to  Jupiter.  M.  Bailly  suspected  an  excentricity  of  the  orbit, 
and  a  motion  of  its  apsides ;  but  this  he  speaks  of  as  a   circumstance  very 

doubtfril. 

423.  Tlie  third  satellite  has  its  motion  disturbed  by  the  first,  second  and 
fourth  ;  the  whole  effect  of  these,  according  to  M.  Bailly,  produces  an  equa- 
tion of  je*.  1  r  of  a  degree.  M.  Wargentin  makes  it,  from  observation,  to  be 
16'.  46"  in  the  Tables  published  in  1759 ;  but  in  the  last  edition  of  his  Tables, 
he  has  employed  three  equations  ;  one  about  2'^  of  time,  of  which  the  period  is 
437  days,  which  he  determined  from  observation ;  the  other  two  are  4'^  and 
2'^  of  time,  and  which  he  determined  also  from  observation ;  tlie  periods  of 
these  are  about  12^  and  14  years.  Perhaps,  says  he,  the  variation  of  the  ex- 
centricity of  the  orbit  is  subject  to  some  change,  which  may  produce  the  two 
last  equations.  He  afterwards  doubted,  whether  it  would  not  be  better  to  sub- 
stitute one  equation  instead  of  these  two.  M.  de  la  Lande  says,  that  the  third 
equation  may  be  suppressed,  and  the  computations  will  then  not  deviate  much 
from  observation.  M.  Maraldi  suspected  that  this  satellite  had  an  equation 
of  its  center,  and  that  the  annual  motion  of  its  apside  was  1°.  30'.  M.  Bailly 
having  calculated  a  great  number  of  observations,  and  compared  them  with  his 
Theory,  after  allowing  for  all  the  other  equations,  found  it  necessary  to  assume 
10'  for  the  equation  of  its  center;  he  also  found  it  necessary  to  give  a  motion  to  the 
apsides  of  about  2°  in  a  year  ;  but  this  motion  appeared  to  him  to  be  rather  too 
small  to  satisfy  the  observations.  According  to  his  Theoiy,  the  motion  of  the 
apsides  is  2°.  12'.  3",  from  the  disturbing  force  of  the  sun,  and  the  action  of  the 
other  satellites,  without  taking  into  consideration  the  figure  of  Jupiter,  which 
will  also  cause  a  motion  of  the  apsides.  He  joined  to  the  equation  of  the  cen- 
ter, five  other  equations  ;  the  first  of  25"  from  the  action  of  the  first  satellite  ; 
the  second  of  4'.  10"  from  tiie  action  of  the  second  ;  the  third  of  1'.  19"  from  the 
action  of  the  second,  on  account  of  the  excentricity  of  the  orbit ;  and  lastly, 
two  others  of  17"  and  59"  from  the  action  of  the  fourtli.  These  equations,  M. 
Bailly  says,  may  in  certain  cases  go  as  far  as  16'.  1 1*,  which  is  very  nearly  16'. 
46",  the  value  of  the  total  equation  which  had  been  before  determined  by  ob- 
servation. 

424.  Dr.  Bradley  found  by  observation,  that  the  orbit  of  the  fourth  satellite 
was  elliptical,  and  made  the  greatest  equation  0^.  48'.     Before  this  was  publish^ 
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ed,  M.  Maraldi  had  observed,  that  M.  Cassini's  Tables  erred  nearly  two 
hours,  and  always  the  same  way,  when  Jupiter  returned  to  the  same  point  of  its 
orbit ;  and  that  the  error  was  nothing,  when  Jupiter  was  at  its  mean  distance. 
Tins  might  evidently  arise  from  the  excentricity  of  the  orbit ;  for  as  Jupiter 
revolved  about  the  sun  and  carried  the  orbit  of  its  satellite  with  it,  in  one  re- 
volution of  Jupiter,  the  apsides  of  the  orbit  of  the  satellite  would  have  had  every 
position  in  respect  to  the  sun ;  so  that  the  satellite  would  sometimes  come  into 
opposition  to  the  sun  when  it  was  in  its  lower  apside,  where  its  motion  was  great- 
est, and  therefore  the  eclipse  would  happen  sooner  than  if  its  motion  was 
uniform ;  sometimes  the  eclipse  would  happen  when  the  satellite  was  in  its 
higher  apside,  and  then  its  motioa  being  slowest,  the  eclipse  would  happen 
later  ;  sometimes  the  eclipse  would  happen  when  tlie  satellite  was  at  its  mean 
distance,  and  then  the  true  motion  being  equal  to  its  mean,  the  time  of  the 
eclipse  would  happen  at  the  time  by  computation  according  to  its  mean  mo- 
tion.    From  a  comparison  of  the  true  and  mean  place  of  the  satellite  in  its  orbit, 
M.  Maraldi  found  tlie  equation  of  the  center  to  be  55!.  56".     Accorfing  to 
the  Tables  of  M.  Waugentin,  this  equation  amounts  to  Ih.  O'.  SO''.     The  at- 
tractions  of  the  other  satellites  do  not  sensibly  affect  its  motion ;  but  M. 
Bailly  found  two  or  three  small  inequalities  arising  from  the  action  of  the  sun; 
he  fixed  the  equation  of  tlie  center  at  50'.  20%  and  the  motion  of  the  apsides  45*. 
18"  in  a  year.     In  the  year  1717,  Dr.  Bradley  found  the  place  of  the  apside  to 
be  11'.  S""  5  but  the  observations  in  1671,  1676  and  1677,  require  the  place  in 
1677  to  be  10'.  14'';  hence,  he  fixed  tlie  motion  at  about  S6'  in  a  year ;  and 
\  found  this  to  agree  very  well  with  observations.     M.  Maraldi  made  the  mo- 

tion  of  the  apsides  44'.  15"  in  a  year ;  and  the  place  of  the  apside  10*.  29*".  22* 
for  the  beginning  of  1700  j  and  the  mean  longitude  at  that  time  7'.  17"".  18'.  2*. 
Upon  this  hypothesis,  he  computed  152  observations,  of  which  not  above  SO 
differed  more  than  5.^  minutes  from  observations,  amongst  which,  4  only  differ- 
ed 10',  and  only  3  differed  13'.  This  was  nearer  than  could  have  been  expected,  . 
considering  that  the  disturbing  force  of  Saturn  was  not  considered.     The  mo- 
tion of  the  apsides  arises  partly  from  the  attraction  of  the  sun,  and  partly  from 
the  figure  of  the  body  of  Jupiter.     But  it  being  uncertain  whether  Jupiter  be 
houioireneous,  or  what  is  the  acciu-ate  ratio  of  its  diameters,  the  part  which 
arises  Irom  the  figure  of  the  planet  must  be  very  uncertain.     M.  de  la  Place 
found  an  equation  of  1'.  54'  of  a  degree,  which  depends  on  the  action  of  the 
sun  and  on  the  distance  of  Jupiter  from  its  aphelion  ;  this  is  similar  to  the  an- 
nual equation  of  the  moon  j  and  another  of  about  28",  which  answers  to  the 
cvection  of  tiie  moon. 

425.  M.  Maraldi  found  the  excentricity  of  the  orbit,  in  the  manner  de- 
scribed in  Article  340.  In  the  conjunction  on  April  6,  1708,  he  found  the 
place  of  the  satellite  on  its  orbit  to  be  5\  27°.  55'.  26",  and  on  March  3,  1753, 
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lo  be  S*.  15**.  51'.  7" ;  hence,  the  tnie  motion  was  9*.  17^  55^.  41" ;  but  tlie  mean 
motion  in  the  same  time  was  9*.  19°.  13'.  5\  or  1°.  17'.  24"  greater.  Between  the 
observation  in  1708,  and  one  on  August  4,  1759,  he  found  the  true  motion 
greatest  by  34'.  28" ;  hence,  half  the  sum  of  1°.  17'.  24"  and  34'.  28",  or  55*.  56", 
is  the  greatest  equation  of  the  orbit. 

426.  The  reduction  of  the  orbit  of  a  satellite  to  the  orbit  of  Jupiter,  furnishes  fig. 
another  equation.  Let  /  be  the  center  of  the  shadow  of  Jupiter,  Nt  the  orbit,  ^^• 
of  the  satellite,  draw  Iv  perpendicular  to  NI  the  plane  of  Jupiter's  orbit,  and  Ic 
perpendicular  to  Nt^  and  take  Na=NL  The  point  a  is  here  called  the  con- 
junction of  the  satellite,  that  point  upon  the  orbit  having  (268)  the  same  longi- 
tude  as  the  point  /,  or  Jupiter ;  at  c  is  the  middle  of  the  eclipse,  and  ac  is  called 
the  Reduction  ;  when  the  satellite  is  at  v  it  is  in  conjunction  in  respect  to  the 
orbit  of  Jupiter.  The  reduction  is  subtractive  when  the  argument  of  latitude  is 
between  (f.  and  90^,  and  between  1 80°  and  270°  j  and  additive  for  the  other 
two  quadrants. 

M.  de  la  Lande,  in  the  last  edition  of  his  Astronomy,  has  given  new  Tables 
of  Jupiter's  satellites,  computed  by  M.  de  la  Lambre,  from  the  theory  of  their 
mutual  attractions,  given  by  M.  de  la  Place,  in  the  Mem.  deVAcad.  1784, 1788; 
the  theory  gave  the  form  of  the  equations ;  the  values  of  tlie  co-efficients  were 
determined  from  observation.  He  also  introduced  the  effect  arising  from  the 
disturbing  force  of  Jupiter.  In  these  Tables  there  are  no  empyric  equations, 
and  M.  de  la  Lande  says  they  give  the  times  q£  the  eclipses  to  a  degree  of  ac- 
curacy, beyond  what  could  be  expected.     These  Tables  are  given  in  Vdi.  III^ 
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427.  Let  S  be  the  sun,  EF  the  orbit  of  the  earth,  /  Jupiter,  abc  the  orbit  of  fig. 
one  of  its  satellites.  When  the  earth  is  at  E  before  the  opposition  of  Jupiter,  96* 
the  spectator  will  see  the  immersion  at  a  ;  but  if  it  be  the  first  satellite,  upon 
account  of  its  nearness  to  Jupiter  the  emersion  is  never  visible,  the  satellite 
being  then  always  behind  the  body  of  Jupiter ;  the  other  three  satellites  mai/ 
have  both  their  immersions  and  emersions  visible  ;  but  this  will  depend  upon 
the  position  of  the  earth.  When  the  earth  comes  to  jF  after  opposition,  we  shall 
then  see  th^  emersion  of  tlie  first,  but  can  never  see  the  immersion,  and  may 
see  both  the  emersion  and  immersion  of  the  other  three.  Draw  EIr  ;  then  sr^ 
the  distance  of  the  center  of  the  shadow  from  the  center  of  Jupiter  referred  to 
the  orbit  of  the  sateUite,  is  measured  at  Jupiter  by  sr^  or  the  angle  sIr=iEIS 
the  annual  parallax.  The  satellite  may  be  hidden  behind  the  body  at  r  without 
being  eclipsed,  which  is  called  an  Occultation.  Wlien  the  earth  is  at  Ey  the  con- 
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junction  of  the  satellite  happens  later  at  the  earth  than  at  the  sun  ;  but  when  tlie 
earth  is  at  -F,  it  happens  sooner. 

428.  The  diameter  of  the  shadow  of  Jupiter  at  the  distance  of  any  of  the 
satellites,  is  best  found  by  observing  the  time  of  an  eclipse  when  it  happens  at 
the  node,  at  which  time  the  satellite  passes  through  the  center  of  the  shadow  j 
for  the  time  of  a  synodic  revolution  :  the  time  the  satellite  is  passing  through  the 
center  of  the  shadow : :  360°  :  the  diameter  of  the  shadow  in  degrees.  But 
when  the  first  and  second  satellites  are  in  the  nodes,  the  immersion  and  emer- 
sion cannot  both  be  seen.  Astronomers  therefore  compare  the  immersions  some 
days  before  the  opposition  of  Jupiter  with  the  emersions  some  days  after ^  and 
then  knowing  how  many  synodic  revolutions  have  been  made,  they  get  the  time 
of  the  transit  through  the  shadow,  and  thence  the  degrees  corresponding.  But 
on  account  of  tlie  excentricity  of  some  of  the  orbits,  tlie  time  of  the  central 
transit  must  vary  :  for  example,  the  second  satellite  is  sometimes  found  to  be 
2h.  50'  in  passing  through  the  center  of  the  shadow,  and  sometimes  2k.  54' ; 
this  indicates  an  excentricity. 

429.  The  duration  of  the  eclipses  being  very  unequal,  shows  that  the  orbits 
are  incUned  to  the  orbit  of  Jupiter ;  sometimes  the  fourth  satellite  passes  through 
opposition  without  suffering  an  eclipse.  The  duration  of  the  eclipses  must 
therefore  depend  upon  the  situation  of  the  nodes  in  respect  to  the  sun,  just  tlie 
same  as  in  a  lunar  eclipse  j  when  the  line  of  the  nodes  passes  through  tlie  sun, 
the  satellite  will  pass  through  tlie  center  of  the  shadow;  but  as  Jupiter 
revolves  about  the  sun,  the  line  of  the  nodes  will  be  carried  out  of  conjunc- 
tion with  the  sun,  and  the  time  of  the  eclipse  will  be  shortened,  as  the  satellite 
will  then  describe  only  a  chord  of  a  section  of  the  shadow  instead  of  the  di- 
ameter. 

FIG.  430.  Let  S  be  the  sun,  /  Jupiter,  Nbnv  the  plane  of  Jupiter's  orbit.  Neon 
^'^*  the  orbit  of  one  of  its  satellites,  Nn  the  line  of  the  nodes  j  draw  /or,  lb  per- 
pendicular to  Nriy  and  ab  perpendicular  to  the  plane  Nbnv  ;  and  let  c  be  the 
point  in  opposition  to  the  sun,  and  draw  cd  perpendicular  to  Nbnv.  Now 
the  angle  alb  is  the  inclination  of  the  orbit  of  the  satellite,  whose  sine  we  will 
call  Sj  to  radius  unity, and  put  r  —  Ia;  then  1  :  s::r  :  ab  =  sr  ;  and  ifv  =  the 
sine  of  Nc  the  distance  of  the  node  from  opposition,  1  :  sr::v  :  cd^vsr  the 
latitude  of  the  satellite  at  the  time  of  opposition.  Let  AFBG  be  a  section  of 
the  shadow  of  Jupiter  where  the  satellite  passes  through,  NAIB  the  plane  of 
the  orbit  of  Jupiter,  Nrntih^  orbit  of  the  satellite,  and  draw  Ic  perpendicular 

to  Nt ;   then/c  =  r5r/  putJR  =  /^,  d  =  mc;  then  ^jR*  —  rf*=t;5r  ;  hence^ 

s=zYi .     But  jR,  r,   and  d  may  be  taken  in  time,  that  is,  d  may  repre- 

•ent  the  half  duration  of  tlie  eclipse j  call  tliat  time  d;  and  R  may  represent 
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Jdi:  (by  the  property  of  the  ellipse)  IF  :  Ix  ;  hence,  ^^'==711^  ^^^^=7^  ^  ^ 

^ie*  -  flf* }   consequently  y^  x  v/^*  -  d*=l^^,  therefore  ^=2^;  x  ^^- — — ? —  t 
J?,  r  and  d  being  expressed  by  JK',  r  and  d'  in  time.     M,  de  la  Lande  put8 

Zr  :  ZF::  13  :  14,  and  therefore  5= —  x5ii- ^, — .     To  find  the  inclination 

14  vr 

of  the  orbit  of  the  fourth  satellite  upon  this  supposition,  M.  Wargentin  sup^ 

ppsed  the  limit  of  the  distance  of  the  node  from  conjunction  to  be  55^.  1 T.  10* ; 

and  upon  supposition  of  a  circular  section,  he  found  the  incHnation  to  be  2^. 

SG';  hence,   by  diminishing  the  sine  of  the  inclination  in  the  ratio  of  14  :  13^ 

he  found  the  true  inclination  of  the  orbit  to  be  2°.  24'.  5l\ 

433.  The  orbit  of  the  second  satellite  is  found  to  change  its  inclination,  the 
period  of  which  cliange  is  SO  years.  M.  Maraldi  found  the  least  inclination 
at  the  beginning  of  the  years  1672,  1702,  1732  and  1762  to  be  2°.  48';  and  at 
the  beginning  of  the  years  1687,  1717,  1747  and  1772  he  found  the  greatest 
inclination  to  be  3°.  48'.  The  inclination  of  the  orbit  of  the  first  satellite^ 
upon  which  he  made  the  motion  of  the  node  of  the  second  depend,  is  3°.  1 8'^ 
calculated  for  a  circular  section,  which  is  a  mean  between  the  greatest  and  least 
inclinations  of  the  orbit  of  the  second.  This  determination  of  M.  Maraldi^ 
combined  with  the  libration  of  the  node,  made  his  calculation  of  the  eclipses 
agree  very  well  with  observations;  for  of  122  which  he  calculated,  only  12 
differed  more  than  1  minute.  According  to  the  new  Tables  of  M.  Wargentin, 
the  least  inclination  is  2"*.  46'  and  the  greatest  3°.  46',  upon  supposition  that 
the  section  of  the  shadow  is  a  circle. 

434.  This  variation  of  the  inchnation  of  the  orbit  of  the  second  satellite  arises 
from  the  libration  of  its  nodes.  M.  Maraldi,  by  an  observation  on  October 
18,  1714,  found  the  place  of  the  node  to  be  10\  21^  21'.  45*';  and  by  an 
observation  on  September  11,  1751,  he  found  the  place  of  the  node  to  be  10*. 
O^.  54'.  9",  the  difference  of  which  is  20°.  27'.  36'  for  the  whole  libration  of 
the  node,  supposing  that  these  were  the  extreme  points ;  hence,  its  half,  10°. 
13'.  48"  shows  the  libration  from  the  mean  place,  which  therefore  is  10".  11°: 
8'.  M.  Wargentin  makes  it  10'.  12°.  15'.  M.  de  la  Lande  first  pointed  out 
this  libration  of  the  nodes,  and  the  consequent  change  of  the  inclinations  of 
the  orbits.  In  consequence  of  this,  M.  Bailly  proposed  to  explain  this  motion 
of  the  nodes  and  variation  of  the  inclination,  in  the  following  manner,  similar 
to  that  by  which  M.  de  la  Lande  explained  the  changes  of  the  inclinations  of 
the  orbits  of  the  planets. 

.    435.  Let  AC  be  the  orbit  of  Jupiter,  CB  the  orbit  of  the  satellite  which 
}»  disturbed  by  the  motion  of  another  satellite  moving  in  .the  orbit  BA^  so: 
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.tliat  we  may  suppose  the  orbit  BC  first  to  have  been  in  the  situation  AJff  ;  the 
angle  B  is  the  mutual  inclination  of  the  two  orbits,  which  is  supposed  to  be 
constant ;  let  AB  be  the  movement  of  the  node  of  the  orbit  CB  which  is  dis^ 
turbed,  upon  the  other  orbit  AB^  in  any  given  time  ;  then  AC  in  the  motion  of 
the  node  upon  the  orbit  of  Jupiter.     By  Trigonometry  (Prop.  45  and  48.)  tan* 

jri                   tan.  B  x  sin.  AB  ^„j  ^^^  ^        ^^o    » w 

ilC= ^-=j 3 = , -i ,  and  COS.  C=  —cos.  2>  x 

cos.  AB  X  COS.  A  X  tan.  B  +  sm.  A 
COS.  ^  — sin.  A  X  tan.  B  x  cos.  AB.    Now  to  determine  when  AC  becomes  a 
maximum,  put  y= tan.  ACj  a?=:sin.  ABj  as  tan.  jB,  6=:  cos.  -4,  m=sin.  BAC  ; 

then  yzz ^^   =a  maximum,  whose   fluxion  being  put=:0  and  re' 


duced  gives  o^irr^'l— ^-_=v/ 1 "'    .,,  the  sineof  ^J3,  when  AC  is  a 

^  ^  m*       ^         tan.  ^*' 

maximum,  where  ^J5  is  greater  than  90^,  for  from  the  tan.  of  ACy  it  appears 
that  -4C  increases  till  -45  is  greater  than  90^  The  motion  of  the  node  of  the 
second  satellite  upon  the  orbit  of  the  first  is  found  by  observation  to  be  about 
12^  in  a  year,  and  therefore  it  completes  its  revolution  in  30  years;  hence, 
at  the  end  of  30  years,  the  node  of  BC  upon  the  orbit  of  Jupiter  will  return  to 
the  same  situation,  and  to  the  same  inclination.  Hence,  the  node  C  has  a 
movement  of  libration  about  A  ;  if  b  be  the  utmost  limit  of  the  node  of  BC 
from  A  on  one  side,  and  a  on  the  other,  the  node  will  librate  between  a 
and  b. 

436.  The  two  inclinations  A  and  C  are  not  £qual  at  the  limits  a  and  b;  for 
as  COS.  Cncos.  B  x  cos.  ^  —  sin.  A  x  tan.  B  x  cos.  ABy  therefore  when  the  in- 
clinations become  equal,  cos.  C=:cos.  B  x  cos.  C— sin.  C  x  tan.  B  x  cos.  ABf 

M        cos   C  V  c*o^    "R  ^»  1 

hence,  cos.  ^S= — l — -rz ^ — =r- ,  which  being  negative,  shows  that  AB  is 

sin.  C  X  tan.  B  o      o         ^ 


COS.  jB-1* 


greater  than  90^     Also,  sin.  ABzz,s/\ ^ —;  let  us  assume  this 

^         tan.  jB*  X  tan.  C* 

=^1  —      *  ^.,  which  is  the  sine  of  AB  when  AC  is  a  maximum,  and  (sup. 
^  tan.  A* 

posing  AzzC)  we  deduce  1  scos.  jB^  which  is  absurd,  consequently  the  inclin* 

^        cos  JB—  1* 

atioos  are  not  equal  when  IC  is  a  maximum.     Also,  as  y/  1  — * — r j^ 

can.  a3  X  tan.  o 

is  fcreater  than  4/  1  —  ^"*  ^^>  and  both  greater  than  90%  the  two  inclinations 
^  ^         tan.  C 

become  equal  before  the  node  comes  to  its  limits. 

437.  From  an  eclipse  of  the  third  satellite  on  January  25,  1763,  the  half  du- 

ration  of  which  was  43',  M.  Maraldi  found  the  inclination  3^.  2S.  41",  sup* 


244  OK  THE  ECLIPSES  OF  JUPITER^S   SATELLITES. 

posing  the  semidiameter  of  the  shadow  to  be  l/i.  47'.  10",  and  to  be  circular. 
In  1745,  it  was  found  to  be  greater  by  7^';  but  from  1763  it  has  appeared  to 
decrease,  for  in  1769  it  was  found  to  be  3*.  23',  33\  M.  de  la  Grange  judged 
the  period  of  its  augmentation,  to  be  195  years;  M.  Baillt  made  it  200  years. 
M.  Wargentin  made  the  least  inclination  to  be  in  1697,  and  the  greatest  in 
1782.  M.  Maraldi  made  the  period  132  years,  finding  the  greatest  inclina- 
tion in  the  years  1633,  1765  to  be  3^  25'.  57";  and  the  least  inclination  3®.  2' 
in  the  year  1697.  Upon  this  he  computed  tlie  inch'nation  for  every  interme«> 
diate  time,  with  the  libration  of  the  node  arising  from  the  attraction  of  the  first 
satellite.  But  some  of  his  computations  make  the  duration  of  the  eclipse  err  6'^ 
which  renders  his  period  very  uncertain.  M.  de  la  Lande  has  found  the  in- 
cUnation  of  the  tliird  sateUite  by  Art.  435.  The  annual  motion  of  the  node  B 
of  the  third  upon  the  orbit  AB  of  the  first  was  found  to  be  2°.  43'.  38%2,  and 
therefore  it  was  27^.  16'.  22"  between  the  observations  maide  in  1763  and  1773, 
a  period  of  10  years;  let  ^J5  =  27^  16'.  22",  the  angle  ^  =  3°.  14',  and  the 
angle  5=  12';  hence,  the  angle  C^ziS"^.  24'.  44",  the  inclination  of  the  orbit  of 
the  third  satellite  in  1773.  Also,  ACzzV".  32'.  24",  the  libration  in  that  ia- 
terval. 

438.  The  inclination  of  the  orbit  of  tlie  fourth  satellite  is  2°.  36'  according 
to  M.  Maraldi,  with  very  little,  if  any,  variation.  Dr.  Bradley  made  it  2°. 
42'.  M.  Wargentin,  in  1781,  found  an  increase  of  l'  or  2'  ia  the  five  last 
years,  and  he  estimated  it  at  2^  38'.     M.  de  la  Lande  makes  it  2^  36'  in  a 

« 

circular,  and  2^  24'.  51"  in  a]^  elhptical  shadow.  The  motion  of  the  nodes  of 
this  satellite,  which  is  4'.  19"  in  a  year  according  to  M.  Wargentin,  ought  to 
produce  a  change  in  the  inclination,  and  M.  Bailly  thought  that  in  1720  the 
inclination  was  a  little  diminished,  the  nodes  of  the  first  and  fourth  satellites 
then  coinciding^  M.  Maraldi  could  not  reconcile  the  semiduration  of  the 
eclipses  with  any  variation  of  inclination,  or  motion  of  the  node ;  yet  in  sup- 
posing the  inclination  to  be  constantly  2^.  36',  and  the  semidiameter  of  the  sha- 
dow to  be  2^  8^.  2",  and  the  place  of  the  node  in  1745  to  be  4*.  16^  11',  with 
an  annual  progressive  motion  of  5'.  33 ',  his  computations  have  agreed  very  well 
with  observation. 

439.  M.  de  la  Place  has  shown,  that  the  node&  of  tlie  fourth  satellite  have  a 
retrograde  motion  in  a  plane  which  passes  between  Jupiter's  equator  and  orbit, 
inclined  to  the  former  at  about  half  a  degree.  The  plane  of  the  orbit  of  the 
fourth  preserves  a  constant  inclination  of  14'  or  15',  and  a  retrograde  motion  of 
the  node  of  about  35'  in  a  year  upon  this  plane.^  This  theory  will  satisfy  all  the 
observations,  and  explain  why  the  inclination  is  constant,  and  the  motion  of  the 
Dodes  direct.  .  This  results  from  the  action  of  the  sun  and  of  the  other  satel- 
lites, and  from  the  flatness  of  Jupiter. 

440.  The  inclination  of  the  fourth  satellite  being  considerable,  it  may  be 
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found  by  finding  the  minor  axis  of  the  ellipse  which  it  appears  to  describe 
when  Jupiter  is  90"*  from  the  node,  which  is  done  by  observing  its  apparent 
distance  from  Jupiter  in  its  conjunctions,,  which  is  the  semi-minor  axis,  and  the. 
semi-major  axis  being  the  greatest  elongation,  the  latter  is  to  th«  former  as  ra* 
dius  to  the  sine  of  the  inclination*. 


On  the  Nodes  of  the  Orbits  of  Jupiter^ s  Satellites. 

.  441.  The  place  of  the  node  may  be  determined  at  the  time  of  the  greatest 
dui*ation  of  an  eclipse,  for  at  that  time  the  plane  of  die  orbit,  of  the  satellite 
must  pass  through  the  sun,  and.  therefore  the  place  of  Jupiter  at  that  time  gives 
the  place  of  the  node.  Or  the  place  of  the  node  may  be  found  by  observing 
two  eclipses  of  the  same  duration  on  each  side  of  the  node,  in  which  case  the 
place,  of  the  node,  will  bisect  the  two  situations  of  Jupiter.  This  method  sup^ 
poses  that  Jupiter  has^  moved  uniformly  in  the  intermediate  time,  and  that  the 
nodes  of  the  satelHte  remained  fixed.  On  March  12,^  1687,  Flamstead  ob-: 
served  the  duration  of  an  eclipse  of  the  third  satellite  to  be  2h.  33',  Jupiter's 
heliocentric  longitude  at  that  time  being  8'.  11°.  58'.  On  December  6,  1702, 
tlie  duration  was  exactly  the  same,  and  the  heliocentric  longitude  of  Jupiter 
was  O*.  15^  21'}  half  the  difference  of  these  longitudes  added  to  the  first 
gives  10*..  13^  29'  for  the  place  of  the  node  nearly.  Or  the  place  of  the  node 
may  be  found  when  the  satellite  parses  in  a  right  line  over  the  disc  of  Ju- 
piter, which  may  be  observed  by  its  shadow  upon  Jupiter.  This  we  may 
determine  from  the  belts,  as  the  motion. of  the. satellites  is  very  nearly  in  their 
direction. 

442.  In  the  year  1693,  M.  Cassini,  in  hi»  Astronomy,  places  the  nodes  of  all 
the  satellites  in  10*.  14**.  30'.  Dr.  Bradley  thought  the  place  of  the  nodes  of 
them  all  in  1718,  to  be  10*.  ll%5.  From  observations  since,  it  appears  that 
the  nodes  do  not  all  coincide.  The  node  of  the  Jirst  satellite  is  found  to  be 
in  10'.  14^  30',  and  observations  show  that  it  has  no  sensible  motion. 

443.  According  to  M^.  Wargentin  in  his  first  Tables,  tlie  place  of  the  node 
of  the  secmidwQS  10*.  1 1°.  48',  fixed ;  but  in  his  new  Tables  he  gives  it  a  pro-* 
gressive  motion  upon  the  orbit  of  Jupiter  of  1°.  42',  in  respect  to  the  apheUou 
of  Jupiter  in  100  years.  M. .  Bailly  gives  the  node  a  lihration  of  9^  21'.  M* 
Maraldi  makes  it  8^  42"^^.  M.  de  la  Grange  makes  it  11°.  27^..  The  mean 
place  of  the  ascending  node  is  10'.  18^  52'  according  to  M.  JMaraldi.  The 
nodes  of  the  third  and  fourth  satellite  have  a  like  lihration  about  the  nodes  of 
the  first,  whilst  the  nodes  of  the  first  have  a  lihratory  motion  about  a  point  as 
the  mean  place. 

444.  The  mean  place  of  the  node  of  the  tiurd  satellite  is  constantly  in  10'.  1 4^ 
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i4e  according  to  M.  Wargentin.  M.  Maraldi  supposes  it  to  have  a  inottoii 
of  about  2!  in  a  year ;  and  as  we  have  seen  (437)  that  the  inclination  is  sub« 
ject  to  a  change,  it  may  be  necessary  that  the  nodes  should  have  a  motion  to 
account  for  it« 

445.  From  the  theory  of  attraction.  Dr.  Bradley  thought  that  the  nodes  of 
the  fiurth  satellite  ought  to  be  retrograde ;  the  motion  would  be  retrograde 
from  the  attraction  of  the  sun  only,  but  the  attraction  of  the  other  satellites  may 
make  it  direct ;  and  observations  show  that  it  is  direct.  According  to  M.  Ma- 
RALDi,  its  place  in  1 745,  was  4*.  16^.  11',  with  an  annual  motion  of  5'.  S^* 
M.  Bailly  finds  it  5'.  15^.  M.  Wargentin  placed  the  node  in  1760  in  lO*. 
16^  39',  and  gave  the  node  an  annual  motion  of  3'.  18"  in  reject  to  the  aphe* 
iion  of  Jupiter,  which  gives  4'.  15"  in  respect  to  the  equinoxes. 

446.  M.  Bailly,  from  his  Theory,  deduces  the  following  conclusions  respect- 
ing the  motion  of  the  nodes. — 1.  The  node  of  the  first  has  a  libratory  motion 
about  its  mean  place  of  18',  of  which  the  period  is  30  or  32  years^ — S.  Tlie 
node  of  the  second  librates  about  the  same  point,  about  9^.  37',  with  a  period 
of  30  or  32  years. — 3.  The  node  of  the  third  has  a  libratory  motion  about  the 
same  point,  of  about  3^  53',  of  which  the  period  is  about  200  years.-^-4.  The 
node  of  the  fourth  librates  about  the  same  point,  about  12^  or  18%  with  a  pe- 
riod of  4  or  500  years. — 5.  This  point,  or  the  mean  place  of  the  node  of  the 
first  satellite,  about  which  the  nodes  of  the  other  satellites  librate,  has  a  retro- 
grade motion  upon  the  orbit  of  Jupiter  of  33'.  30'  in  a  year,  from  the  disturb- 
ing force  of  the  sun.  M.  Bailly,  from  his  Theory  of  the  satellites,  has  com- 
puted a  set  of  Tables  of  the  motions  of  each. 

447.  The  ascending  nodes  of  the  orbits  of  all  the  satellites  we  may  consider 
in  10*.  15®,  in  all  cases  where  great  accuracy  is  not  required.  When  Jupiter 
therefore  is  in  10*.  15°  and  4'.  15®,  the  planes  of  the  orbits  pass  throi^h  the 
sun,  and  to  a  spectator,  there  situated,  the  sateUites  would  appear  to  describe 

TIG.  straight  lines,  as  ^£,  in  the  direction  of  the  belts ;  in  any  other  situation  rf 
loa  Jupiter,  they  would  appear  to  describe  an  eUipse  AmBn.  When  Jupiter  comes 
to  1*.  15''  and  7'.  15®  the  minor  axis  becomes  the  greatest,  and  in  that  situation, 
the  major  axis  :  minor::  rad.  :  sine  of  the  inclination  of  the  orbit  of  the  planet; 
in  any  other  situation  of  Jupiter,  the  minor  axis  is  at  the  sine  of  the  distance 
of  Jupiter  from  the  node.  As  Jupiter  passes  from  10'.  15®  to  4'.  15®  the  Jitrtkest 
semicircle  of  the  orbit  of  the  satellite  appears  most  to  the  north,  or,  as  we  may 
express  it,  highest,  and  therefore  it  will  be  represented  by  AmB  ;  but  as  the 
planet  passes  from  4'.  15®  to  10*.  15®  the  nearest  semicircle  will  appear  bigh« 
est,  and  therefore  it  will  be  represented  by  AmB.  Hence  we  may  judge  of 
the  situation  of  the  satellites  in  respect  to  the  pointion  of  the  belts,  or  to  the 
line  AB  ;  SL  circumstance  which  we  take  into  consideration  in  the  configura- 
tion  of  the  satellites  ^  we  will  explain  this  by  the  exan^  there  given.    The 
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of  the  third  to  be  -^  of  that  of  Jupiter,  and  of  the  three  others  — .     The  dif- 
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JVlAnALDi  having  examined  and  calculated  three  observations  of  M.  Cassiki 
made  in  1 695,  found  that  the  first  satellite  entered  upon  the  disc  of'  Jupiter  in 
n\  the  second  in  9'.  4d\  the  third  in  12'.  e!' ;  and  their  continuance  upon  the 
disc  was  2A.  27',  SA.  4'.  20''  and  Sh.  4S'.  38''  respectively  j  in  respect  to  the 
fourth,  he  concluded  from  the  Tables  that  it  ought  to  be  is!  in  entering  upon 
-the  disc,  and  Sk.  in  its  continuance  upon  it ;  hence  he  deduced  the  diameter 

18  *       '  20 

ference  of  these  conclusions  shows  that  no  great  dependance  can  be  placed 
upon  them.  The  disappearance  of  a  satellite  will  be  later  the  better  the  tele»« 
<;ope  is,  and  it  wiU  appear  sooner.  M.  de  Fouchy  observed,  that  the  dis- 
appearance and  re-appearance  of  the  satellites  depended  on  the  distance  of 
Jupiter  from  the  sun  and  earth.  M.  de  Barros  observed,  that  different  states 
of  the  atmosphere,  different  altitudes,  and  their  distance  from  Jupiter,  would 
influence  the  times  of  their  appearance  and  disappearance.  All  these  cic« 
cumstances,  so  &r  as  they  cannot  be  considered,  must  tend  to  render  the 
measures  of  their  diameters  very  uncertain.  Mr.  Whiston  observes,  that 
the  comparison  of  the  observations  shows  that  the  quantities  are  sometimes 
considerably  larger  than  at  others.  Longitude  discovered  hy  Jupitet^s  Planets. 
page  5. 

The  following  Table  contains  the  diameters  of  the  three  first  satellites  as  seen 
from  Jupiter,  according  to  Cassini,  Whiston  and  Bailly  }  the  fourth  as  de« 
termined  by  M.  de  la  Lande. 


SateU 
tites. 

Cassini 

Whiston 

Bailly 

I 

II 
III 

59'.    4" 
S8.       1 
24.  59 

60'.  58' 
28.  25 
53.  40 

60'.  2or 

29.  42 
22.  28 

IV 

13'.  32" 

11'.  19* 

9'.  39* 

449.  If  their  diameters  could  be  ascertained  to  any  great  degree  of  certainty, 
their  quantities  of  matter  would  still  be  very  uncertain,  because  their  densities 
are  not  known.  Astronomers  have  endeavoured  therefore  to  find  out  their 
quantities  of  matter  from  observing  the  quantities  of  the  effects  produced  by 
their  actions  upon  each  other.  From  supposing  the  masses  of  the  first  and 
tliird  equal,  M.  de  la  GaANos  found,  from  the  inequalities  which  they  produce 
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in  the  second,  that  their  masses  were  0,00006869,  that  of  Jupiter  being  =  1 }  M. 
Baillt  found  it  0,0000638  from  the  same  supposition. 

The  mass  of  the  second,  from  the  inequalities  which  it  produces  in  the  firsts 
of  which  it  is  principally  the  cause,  is  found  by  M.  Bailly  to  be  0,000021 1 ;  it 
is  0,00002417  according  to  M.  de  la  Grange. 

The  mass  of  the  third,  from  its  effect  upon  the  movement  of  the  node  of  the 
second  in  conjunction  with  the  first,  is  according  to  M.  Bailly^  0,00007624; 
but  from  its  efi^ct  upon  the  inequalities  of  the  motion  of  the  second,  supposing 
it  equal  to  the  first,  it  is  0,0000638  ;  it  is  0,0000687  according  to  M.  de  la 
Grange. 

The  mass  of  the  fourtli,  fi:om  the  small  effect  which  it  has  upon  the  third,  is 
not  easily  to  be  determined ;  M.  Bailly  made  it  0,00005. 

These  masses,  M.  Bailly  observes,  represent  very  well  the  motions  of  tlie 
satellites,  of  tiieir  nodes,  and  the  variation  of  their  incUnations  ;  we  may  there^ 
fore  conclude,  that  tliey  are  pretty  accurately  established;  and  at  the  same 
time  it  proves  that  the  variation  of  gravity  according  to  the  inverse  square  of 
the  distance,  will  explain  all  tlie  phsenomena  of  the  satellites.  In  respect  to 
the  motion  of  the  apsides,  that  depends  upon  the  figure  of  Jupiter,  its  density, 
and  how  Ae  density  may  vary  fi:om  the  center  to  the  surface  ;  but  as  this  is  un* 
known,  the  theory  cannot  be  here  appUed.  M.  Bailly  has,  however,  pointed 
out  the  method  by  which  we  may,  from  the  observed  motion  of  the  apsides, 
deduce  the  law  of  the  variation  of  ihe  density. 

M.  de  hi  Place  has  determined  the  masses  of  the  satellites  to  be  as  follows : 
thatof  Jupiter  being  unity ;  the  mass  of  the  1st,  =0,0000178281;  2nd,  ^ 
0,0000232355;  3rd,  =0,0000884972;  4th,  =.0,0000426591. 


On  ihe  Construction  of  the  Epochs  oftlie  Mean  Conjunctions  of  Jupiter's  Satellites. 

450.  The  epoch  of  the  mean  conjunction  is  the  moment  when  the  satellite 
arrives  the  first  time  every  year  at  the  mean  place  of  Jupiter,  reckoned  upon 
the  orbit  of  the  satellite,  diminished  by  the  sum  of  the  maxima  of  all  the  equa- 
tions (the  equations  being  expressed  in  time),  in  order  to  render  the  equations 
all  additive ;  the  maxima  of  the  equations  being  added  to  the  equations  them*, 
selves,  in  order  to  make  up  for  that  subtraction.  For  example,  the  first  equa- 
tion of  light,  at  its  maximum,  is  8'.  7V,  the  time  therefore  is,  in  the  epochs . 
diminished  by  this  quantity.  Now  let  us  suppose  that  at  the  time  we  are 
making  any  computation,  this  equation  of  light  is  ±4',  then  the  equation,  as  we, 
shall  find  it,  is  8'.  7\5±4'=  12'.  7\S  or  4'.  7^,5,  both  additive,  and  this  is  ma* 
nifestly  the  same  as  if  8'.  7'',5  had  not  been  subtracted  at  first,  an4  the  equation 
±  4'  applied,  what  was  at  first  subtracted  being  no^  added ;  and  as  we  add  the 
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maximum,  the  quantity  by  which  it  is  diminished  can  never  render  it  negatives- 
It  is  the  same  with  all  the  other  equations,  except  that  depending  on  the  ec- 
centricity of  Jupiter's  orbit,  which  being  variable,  does  noj^  admit  of  this 
method.  All  the  epochs  are  thus  put  down ;  and  the  computations  are  rendered 
more  easy  and  simple  by  making  the  equations  additive. 

45 1.  To  find  the  epoch  for  any  year,  we  will  take  and  explain  that  Example 
which  is  given  by  M.  de  la  Lande  in  the  last  edition  of  his  Astronomy,  Vol. 
II L  pag,  185.  On  January  2,  1764,  the  first  satellite  was  eclipsed,  the  erner* 
sion  of  which  was  at  lOA.  2^\  44^  mean  time,  at  Paris.  Now  to  make  the  equa^ 
tion  of  time  always  additive,  we  must  subtract  14'.  42*  which  is  the  greatest 
equation  subtractive,  and  we  have  lOh.  13'.  2'  for  the  time  of  the  emersion,  ac- 
cording to  the  construction  of  M.  Waroentin's  Tables. 

The  distance  from  the  node  was  60°.  17*,  the  semidiameter  of  the  shadow 
Ih.  7'.  SS^j  and  the  inclination  of  the  orbit  3^.  18'|;  hence,  (430)  the  semida* 
ration  of  the  eclipse  was  ih.  4'.  51";  therefore  the  time  of  the  middle  of  the 
eclipse  was  9h.  8'.  11".  From  this  we  must  deduce  the  time  of  the  mean  con- 
junction, by  applying  all  the  equations  for  that  time. 

The  mean  anomaly  of  Jupiter  was  about  7'.  8^,5,  and  the  equation  of  its  oiint 
was  4°.  51'.  30'  additive,  which  converted  into  time  (419)  according  to  the  mo- 
tion of  the  satellite,  gives  the  equation  34'.  39'  to  be  subtracted  from  the  middle 
of  the  eclipse,  and  hence  there  remains  Sh.  33'.  32''* 

From  Art.  420,  the  maximum  of  the  Jirst  part  of  the  equation  of  light  is  S'* 
7^,5  ;  but  at  the  time  of  the  eclipse  the  equation  was  found  to  be  7'.  0^,5  addi* 
tive ;  hence,  we  have  to  subtract  only  l'.  7",  which  gives  the  time  8*^ 
32'.  25'. 

1  he  maximum  (420)  of  the  second  part  of  the  equation  of  light  is  2'.  2'',5  j 
but  the  equation  was  59",5  adilitive  at  the  time ;  therefore  we  must  subtract  l'.. 
3^',  which  gives  8*.  31'.  22". 

The  maximum  (421)  of  the  equation,  marked  in  the  Tables  C,  is  3'.  3(fi 
but  that  equation  at  the  time  of  the  eclipse  was  O'.  27"  additive  j  hence,  we  have 
to  subtract  S'.  3",  which  gives  8*.  28*.  19". 

The  small  equations  which  come  from  the  inequalities  of  Jupiter  amounted 
at  the  same  time  to  15"  subtractive  ;  and  the  maximum  being  l',  we  must  sub- 
tract r.  15",  which  gives  8h.  27'.  4". 

Lastly,  we  must  subtract  17"  for  the  reduction  (426),  and  we  have  8/r.  26'* 
47"  on  January  2 ;  but  it  being  bissextile,  we  must  subtract  one  day,  which 
gives  January  1,  1764,  Sh.  26*.  47"  for  the  epoch  of.  the  mean  conjunction  for 
that  year,  by  M.  Wargentin's  construction  of  the  Tables. 

452.  Having  shown  how  the  epochs  for  any  year  are  established,  we  have 
only  to  show  how  they  are  canied  on  for  any  number  of  years.     According  ta 
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M*  Wargentin,  the  .synodic  revolution  of  the  first  satellite  is  Id.  ISh.  2S\ 
35^947909;  of  the  second,  drf.  ISA.  17'.  53",7489S;  of  the  third,  7rf.  Sh.  59. 
S5\86754  ;  and  of  tlie  fourth,  16rf.  18/r.  5\  7 ',09 174.  Let  us  take  for  our  ex- 
ample, the  first  satellite.  If  we  multiply  Id.  ISA.  28'.  35%947909  by  207  it 
gives  366d.  8//.  40'.  r,21716,  which  is  a  common  year  of  365  days,  and  Irf*  Sh. 
40'.  l",21716  over.  Therefore  at  the  beginning  of  the  next  year  the  satellite 
will  be  forwarder  than  it  was  at  tlie  beginning  of  the  preceding,  by  Id.  Sh.  40'- 
1''^1716.  If  we  add  again  Id.  8h.  40'.  l'',21716,  it  gives  2d.  nh.  20',  2%43432, 
which  being  more  than  a  revolution,  by  subtracting  a  revolution  from  it,  we 
get  Od.  22h.  51'.  26^,4864 1,  which  is  the  quantity  by  which  the  satellite  will  be 
forwarder  at  the  beginning  of  the  second  year.  If  to  this  we  again  add  the 
same  quantity,  it  gives  2t/,  7 A.  31'.  27",70357,  which  being  more  than  a  revolu- 
tion, by  subtracting  a  revolution  from  it,  we  get  Od.  13A.  2^  51 ',75566,  the 
quantity  by  which  the  satellite  will  be  forwarder  at  the  beginning  of  the  third 
year*  But  as  the  fourth  yea/  is  supposed  to  be  bissextile,  the  epoch  will  take 
place  on  the  first  of  January,  therefore  this  year  consists  of  366  days,  and  con- 
sequently contains  207  revolutions  and  Orf.  8//.  40',  l",21716}  this  therefore 
added  to  Od.  ISh.  2'.  5l",75566  gives  Od.  21//.  42',  52^,97282  the  quantity  by 
which  the  satellite  is  forwarder  at  the  beginning  of  the  fourth  year.  But  as  this 
year  begins  on  the  first  of  January  instead  of  December  31,  in  the  mean  mo- 
tions for  days,  in  January  and  February,  we  must  take  the  day  of  the  month 
one  less  than  it  is,  as  will  be  further  explained  in  the  construction  of  the  Tables. 
Hence  it  appears,  that  if  we  begin  at  the  epoch  of  any  leap-year,  and  add  to 
it  Irf.  8h.  40'.  1'',21716,  Orf.  22A.  51'.  26^,48641,  Od.  ISh.  2'.  51^,75566,  and 
Od.  21  A.  42'.  52'',97282,  the  sums,  rejecting  a  whole  revolution  when  necessary, 
will  be  the  epochs  for  the  first,  second,  third  and  fourth  years  after.  Thus  we 
may  continue  the  epochs  as  far  as  we  please.  In  like  manner  we  proceed  with 
the  arguments  A^  -B,  C,  &c.  of  the  equations,  rejecting  a  revolution  when 
the  sum  exceeds  it. 


To  Jind  the  Configuration  qf  Jupiter^ s  SatelUles  at  any  Time. 

453.  1.  Find  by  Tables  I,  II,  III,  IV,  V,  the  mean  place  of  each  satellite 
for  the  given  time,  which  will  be  sufficiently  near  to  the  true  place,  except  for 
the  fourth  satellite,  for  which  we  must  apply  the  equation  of  the  center;  for 
that  purpose  we  must,  with  its  mean  motion,  take  out  the  place  of  its  apside, 
which  subtracted  from  the  mean  longitude  gives  its  mean  anomaly,  to  which  find 
the  equation  in  Table  IX,  and  apply  it  to  the  mean  longitude,  and  it  gives  the 

true  longitude. 

2.  From  the  place  of  each  satellite  thus  found,  subtract  the  geocentric  Ion- 
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gitude  of  Jupiter* 9  and  in  Table  VI  with  that  difference,  find  the  correspondii:^ 
Qumbers,  which  represent  the  apparent  distance  of  each  from  the  center  of  Ju- 
piter in  terms  of  its  semidiameter.  When  the  argument  of  this  Table  is  les$ 
than  six  signs,  the  satellite  will  be  to  the  east  of  Jupiter ;  when  greater^  to  the 
west.     This  is  Dr.  Halley's  method. 

As  the  principal  design  of  finding  the  configurations  (^  the  satellites  is  to  dis- 
tinguish one  firom  another,  the  equation  of  light  is  commonly  of  but  little  im- 
portance, and  may  be  neglected.  Or  if  that  accuracy  be  desired,  compute  the 
configuration  to  any  hour  mean  time,  and  then  add  the  equation  of  light  to  it, 
and  you  have  the  ccmfiguration  as  they  appear  at  that  time.  The  cqieration  is 
rendered  shorter  by  calculating  to  an  hour ;  and  it  will  be  sufficient  if  the  places 
be  calculated  to  minutes  of  a  degree. 

454.  To  find  the  equation  of  Ught,  from  the  sun's  longitude  subtract  the  he- 
liocentric longitude  of  Jupiter,  and  with  the  remainder  enter  Table  VII,  and 
take  out  the  first  part  of  the  equation ;  and  with  the  anomaly  of  Jupiter  enter 
Table  VIII,  and  take  oat  the  second  part.  The  anomaly  is  found  by  suIk 
tracting  the  place  of  the  aphelion  from  the  longitude. 

Ex.  To  calculate  the  configuration  of  the  satellites  on  April  6,  1 795,  at  fi:>ur 
6*clock  in  the  morning,  mean  time,  by  the  civil  account ;  or  on  the  5d.  16A* 
astronomical  time. 


I. 

II 

III. 

IV. 

Aps.1V. 

1795, 

I'.as".  8' 

0*. 

15*. 

,    8' 

2'. 

25°.  1 1' 

8'.  26°.  53' 

lM<f.49' 

March 

10.  14.      1 

4. 

S. 

44 

6. 

28.  35 

4.  21.    24 

0.    0.  11 

5  days 

9.  27.  27 

4. 

26. 

52 

8. 

11.  35 

3.  17.   51 

0.   a    1 

16  hours 

4.  15.  40 

2. 

7. 

35 

1. 

8.  33 

0.   14.  23 

2.  22.  16 

IK 

23. 

19 

7. 

8.  54 

5.  20.  31 

I.  11.    I 

5.   20.  22 

%Ge(K 

10.     3.  50 

10. 

3. 

50 

10. 

3.  50 

-39 

4.  18.  26  1.   19.  29         9.     5.     4 


5. 

19.  52 

10. 

3.  SO 

7. 

16.     a 

4.    9.  21 


East  3,91       East  1^14^       West  14,95        West  18,98 


*  The  metbod  of  finding  this  will  be  abownin  the  Intniduction  to  the  Tables  in  the  Third  Vdmne. 
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Hence,  and  by  Article  447,  this  Con%uration» 


^- 


♦  1 


2  * 


o 


♦  4 


The  line  AB  shows  the  direction  of  the  belts. 


Sun's  longitude  .  - 
Jupiter's  hel.  long. 

Difierence     - 

Jupiter's  aphelion 

Jupiter's  anomaly 


O*.  17^  24' 
9.  2S.      3 


2. 

24.  21 

6. 

11.     4 

8. 

11.  59 

Equation  of  light    8'.  59' 


Equation  of  light     1.  37 


Total  equation  of  light  10.  86 


This  configuration  therefore  which  is  calculated  for  four  o'clock  mean  time, 
is  such  as  will  appear  at  ICf.  36"  after  four  j  but  it  will  not  sensibly  differ  from 
the  appearance  at  four.  To  have  computed  the  configurations  as  they  appear 
at  four  o'clock,  we  must  have  computed  for  3A.  49'.  24'  mean  time. 

455.  The  configuration  at  the  same  hour,  for  a  month,  may  be  very  readily 
determined,  without  repeating  the  whole  operation,  in  this  manner.  The  dif- 
ference from  day  to  day  arises  from  the  addition  of  the  daily  mean  motions,  and 
from  the  variation  of  the  geocentric  place  of  Jupiter,  the  mean  daily  variation 
of  which  for  a  month  will  be  sufficiently  accurate  for  our  purpose.  As  the  geo- 
centric place  of  Jupiter  is  subtracted  from  the  mean  place  of  the  satellite,  if  the 
geocentric  motion  be  direct^  subtract  its  mean  daily  variation  from  the  mean 
daily  motion  of  the  satellite  j  but  if  the  geocentric  motion  be  retrograde^  you 
must  addy  and  you  will  have  the  whole  daily  motion  to  be  applied  to  the  cal- 
culation for  any  one  day  in  order  to  get  the  situation  of  the  satellites  for  the 
next  day ;  and  thus  you  may  continue  the  process  for  a  month,  at  the  end 
of  which,  it  may  be  proper  to  resume  the  first  calculation,  and  then  proceed  for 
that  month  in  Uke  manner. 

To  take  our  example,  I  find  Jupiter's  geocentric  motion  is  direct^  at  the  mean 
rate  of  about  2^  in  a  day  for  the  month ;  subtract  therefore  2'  from  the  daily 
motions  of  the  satellites,  and  we  have  6*.  23^  27*,  3'.  ll^  20^,  1'.  20^  17'  and 
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0\  21^  32',  for  the  relative  daily  motions  of  the  first,  second,  third  and  fourth, 
satellites  in  respect  to  Jupiter ;  hence;. 


I. 

II. 

lU. 

IV. 

4'. 

18°. 

26' 

1'. 

19°.  29' 

9*. 

5°.  4' 

7*. 

16°.  2' 

6. 

23. 

27 

3. 

11.  20 

1. 

20.  17 

0. 

21.  32 

7rf. 

11. 

11. 

53 

5. 

,0.  49 

10. 

25.  21 

8. 

7.  34 

6. 

23. 

27 

3. 

11.  20 

1. 

20.  17 

0. 

21.  32 

8d. 

6. 

5. 

20 

8. 

12.  9 

0. 

15.  38 

8. 

29.  6 

6. 

23. 

27 

3. 

11.  20 

1. 

20.  17 

0. 

21.  32 

9d. 

0. 

28. 

47 

11. 

23.  29 

2. 

5.  55 

9. 

20.  38 

Hence  by  Table  VI,  we  get  the  following  configurations  : 

^d.     .     .     Wdst  1,84         East  5,94         West    8,75  JVest  24,38 

Sd.     .     -     West  0,54  West  8,31  jEfl^/     3,79  West  26,38 

96?.     -    .    East  2,82         Jre5/  2,67         £^55^  13,58         West  24,71 

As  there  is  the  same  motion  of  tlie  satellites  to  be  added  every  time,  it  will 
be  best  to  put  them  down  upon  a  strip  of  paper,  and  by  laying  it  under,  the 
addition  may  be  made  from  it  without  the  trouble  of  writing  the  motions 
down  every  time.  In  this  manner  we  may  lay  down  the  conjurations  with 
great  expedition,  and  with  more  accuracy  than  by  the  mechanical  contri- 
vances of  Flamstead  and  Cassini.  In  the  Example  for  the  fourth  satellite,  the 
variation  of  the  equation  of  the  orbit  is  not  considered,  which,  in  general,  is 
not  necessary,  as  the  configurations  are  put  down,  only  that  we  may  know 
which  the  satellites  are  ;  but  if  this  satellite  should  be  found  very  near  another^ 
it  may  be  necessary  to  consider  the  equation  of  the  orbit  in  Table  IX. 

The  mean  time  at  which  these  configurations  are  shown,  may  be  reduced  to 
apparent  time,  by  applying  the  equation  of  time  ;  thus  the  configuration  on  the 
sixth  day  at  10'.  36"  after  four  o*clock  mean  time,  is  8'.  1 1"  after  four  apparent 
time  ;  to  have  calculated  therefore  for  four  apparent  time,  we  must  have  calcu- 
lated for  3A.  51'.  49". 
TiQ^  456.  The  principle  upon  which  the  sixth  Table  is  constructed  is  this.  Let 
^^^*  Ehe  the  earth,  /  Jupiter,  a  the  place  of  a  satellite  in  its  orbit ;  join  J5/,  and 
produce  it  to  the  heavens  at  m,  and  produce  la  to  w,  and  draw  ac  perpendicular 
to  lb.    Now  m  is  the  geocentric  place  of  Jupiter  in  the  heavens,  and  n  the 
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true  place  of  the  satellite ;  if  therefore  from  t  n  the  longitude  of  the  satellite, 
we  subtract  rm  the  geocentric  longitude  ofJupiter,  we  get  wiw,  or  the  angle 
bldj  whose  sine  ac  represents  the  apparent  distance  of  the  satellite  from  Ju- 
piter ;  if  therefore  ac  be  expressed  in  terms  of  the  semidiameter  of  Jupiter,  we 
shall  get  the  apparent  distance  in  semidiameters,  and  in  this  manner  the  Tables 
are  constructed. 

When  a  satellite  is  approaching  Jupiter,  the  figure  is  put  between  Jupiter  and 
the  point  j  when  it  is  receding^  the  figure  is  put  on  the  other  side. 


A  TABLE 

Of  the  apparent  Distances  of  Jupiter's  Satellites  from  its  limb  at  the  time  of  an 
Eclipse,  for  every  tenth  Day  of  Jupiter* s  Dis^fice  from  Opposition  or  Conjunc- 
tion; by  the  Rev.  Dr.  Maskelyne,  Astronomer  Royal ;  Jrom  the  British  Mari- 
ner's Guide. 


Distance 

ofJupiter 

from 

Distance  of  the  Satellites  from 
Jupiter'H  limb  at  the  Eclipses, 

Distance 
ofJupiter 
from  CO/1- 

Distance  of  the  Satellites  from 
Jupiter's  limb  at  the  Kclipses, 

ofpoiitlott 
lotUc  ©. 

in    !>rmi'<liainetera  of  Jupiter 
and  decimal  parts. 

junction 
with  0- 

in  semidiameters  of   Jupiter 
aiid  decimal  parts.  - 

Days. 

1.     1     11, 

III. 

IV. 

Days.          I. 

II. 

111. 

IV. 

10 

0,20 

0,33 

0,50    0,85 

10 

0,15 

0,25 

0,35 

0,55 

20 

0,40 

0,66 

1,05 

1,66 

20 

0,30 

0,45 

0,70 

1,25 

30 

0,60 

0,95 

1,50 

2,65 

30 

0,4O 

0,67 

1,05 

1,70 

40 

0,75  1  1,20 

1,90 

3,35 

40 

0,55 

0,90 

1,40 

2,50 

50 

0,90 

1,40 

2,25 

3,95 

50 

0,70 

1,00 

1,80 

3,20 

60 

1,00 

1,60 

2,50 

4,40 

60 

0,80 

1,25 

2,00 

3,50 

70 

1,05 

1,70 

2,66 

4,70  ; 

70 

0,90 

1,40 

2,25 

3,95 

80 

1,10 

1,75 

2,75 

4,85 

80 

1,00 

1,55 

2,45 

4,33 

90 

1,10 

1,75 

2,75    4,85 

90 

1,05 

1,66 

2,60 

4,60 

.100 

1,10 

1,70    2,70f4,80,    100 

1,10  !  1,75 

2,70    4,80  f 

The  distances  of  the  satellites  &om  Jupiter*s  limb  in  this^  Table,  are  to  be 
measured,  either  in  a  line  witli  Jupiter's  equator,  or  longer  axis,  or  in  a  line  pa- 
rallel thereto  ;  or,  which  is  the  same  thing,  to  its  belts ;,  for  tlie  satellites  gene- 
rally appear  a  little  to  the  north  or  south  of  this  line. 

In  this  Table,  the  apparent  distances  are  those  of  the  regular  eclipses,  that  is, 
at  the  immersions  before  opposition  and  emersions  after  ;  but  at  the.  emersions 
which  are  visible  before  opposition,  and  immersions  after,  the  distances  jQrom 
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Jupiter's  limb  will  be  less  than  in  the  Table,  by  a  quantity  which  is  in  the  saina 
proportion  to  Jupiter's  diameter^  as  the  duration  of  the  eclipse  is  to  the  longest 
duration  when  in  the  nodes. 


Circumstances 


WIG.  4S*J.  To  find  when  an  immersion  and  emersion  are  visible,  let  s  be  the  colter 
102.  of  the  shadow  AB^  r  the  center  of  the  disc  of  Jupiter  CD,  the  radius  sn  being 
expressed  in  minutes  of  the  orbit  of  the  satellite,  and  m  expressed  in  the  same 
measure.  Let  r5  be  a  portion  of  the  orbit  of  the  satellite  equal  to  the  annual 
parallax,  expressed  in  minutes,  which  may  be  taken  from  the  Nautical  Almanac; 
and  let  AB  and  CD  be  represented  as  seen  from  the  earth  ;  let  wen  be  the 
path  of  the  satellite^  then  the  immersion  at  w  being  viable,  the  emersion  at  n 
wUl  also  be  just  visible,  or  rathv  it  is  the  limit.  In  the  triangle  mSj  we  know 
all  the  sides,  to  find  the  perpendicular  nm  on  rs^  which,  as  the  orbit  xai  is  '^erjr 
nearly  parallel  to  ^,  is  very  nearly  equal  to  «:;  but  (434)  sczzvsr  ;  or  if  we 
represent  the  radius  r  by  unity,  sczzvs  ;  make  therefore  mn = vsy  and  we  get  v^ 
the  sine  of  the  distance  of  Jupiter  firom  the  node.  We  have  here  supposed  the 
earth  in  the  plane  of  the  orbit  of  Jupiter ;  but  as  the  earth  is  not  in  that  plane, 
it  will  make  Jupiter  appear  a  little  higher  or  lower  in  the  shadow,  by  the  lati-> 
tude  of  the  earth  seen  from  Jupiter ;  this  when  greatest  is  about  15'^  and  varies 
as  the  sine  of  the  distance  of  the  earth  from  the  node  of  Jupiter.  Jfrs  represent 
the  orbit  of  Ju{Mter,  in  the  first  six  months  of  the  year,  the  center  of  the  shadow 
will  lie  at  f  to  the  south  of  s.  Hence,  knowing  sr  and  sty  we  can  find  the  an- 
gle srtj  and  rt ;  consequently  we  know  the  three  sides  of  nrt^  to  find  the  an^e 
nrt;  hence  we  know  nrs;  therefore  in  the  triangle  nrs^  we  know  m,  rs  and  the 
angle  nrs^  to  find  nm.  The  latitude  of  the  earth  seen  from  Jupiter  is  neariy 
equal  to  one  seventh  part  of  the  equation  of  the  earth's  orbit  {Mem^  Acad^ 
1765),  at  least  when  Jupiter  is  about  quadratures.  This  is  the  method  which 
is  given  by  M.  de  la  Lanbe,  to  determine  when  an  emersioi;!  will  be  visible  be«> 
fore  opposition,  and  an  immersion,  after  opposition. 

458.  M.  de  la  Place,  in  the  Mem.  de  PAcad.  1784,  in  his  theory  of  the  moi 
tipns  of  the  satellites,  has  deduced  some  very  extraordinary  conclusions,  which 
are  confirmed  by  observations.  If  p^  q  and  r  represent  the  mean  motions  of  the 
first,  second  and  third  satellites,  he  has  shown,  that  jp-*  9  =  29*  Sr,  or  jp— Sjr^. 
Sfs^ ;  and  if  «r,  y  and  z  represent  their  mean  longitudes,  he  has  proved  that 
X  -.  sjf  +  2js=l  80^  The  Tables  therefore  must  alwa3rs  satisfy  these  conditions. 
The  last  equation  shows  that  the  three  satellites  can  never  b,e  eclipsed  at  the 
same  time.  But  it  may  be  observed,  that  the  first  equation  is  a  consequence 
pf  the  second;  for  the  corresponding  meaa longitudes  will  always  be  represents 
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ed  by  *+;>,  y  +  j',  z  +  r^  smd  hence  a:+p—Sxy +  q +  2  xz  +  r— 180%  from 
which  subtract  a:*—  Sy  -h  2;?  =  1 80®,  and  we  get  p-^Sq-^  2r=0.  M.  de  la  Place 
makes  the  annual  motion  of  the  apside  of  the  third  to  be  3®,  and  of  the  fourth 
to  be  37'.  M.  Bailly  makes  the  former  2°,  in  his  Tables,  and  the  epoch  for 
1700,  in  11*.  13"^ ;  the  latter  he  makes  45'.  18".  In  the  Tables  which  we  have 
here  added,  the  epochs  of  the  apside  of  the  fourth  are  those  given  by  M. 
Bailly,  in  his  Essai  sur  la  Theorie  des  Satellites  de  Jupiter. 

459.  The  first  satellite  is  most  proper  for  finding  the  longitude,  the  Tables 
of  that  being  the  most  correct ;  it  is  also  the  best  on  account  of  the  greater 
velocity  of  the  satellite,  the  instant  of  its  appearing  or  disappearing  being,  on 
that  account,  more  certain.  It  is  better  to  compare  an  eclipse  observed  under 
one  meridian  with  an  eclipse  observed  under  another,  rather  than  with  one  com- 
puted, because  of  the  imperfection  of  the  Tables.  The  observers  should  also 
be  furnished  with  tlie  same  kind  of  telescopes,  as  the  time  when  a  satellite  be- 
comes visible  at  an  emersion,  or  invisible  at  an  immersion,  depends  upon  the 
quantity  of  light  which  the  telescope  receives,  and  its  magnifying  power  ; .  it 
depends  also  upon  the  proximity  of  the  satellite  to  Jupiter,  and  its  altitude 
above  the  horizon.  M.  Bailly  lias  given  us  some  Rules  to  correct  the  dif- 
ference arising  from  these  circumstances;  these  we  shall,  in  brief,  here  explain. 

460.  As  the  satellite  enters  the  shadow  of  Jupiter,  its  light  diminishes  by 
degrees,  until  the  satellite  becomes  invisible ;  and  it  is  of  great  importance  to 
ascertain  how  much  of  the  satellite  is  immersed  in  the  shadow  at  the  time  it 
disappears.    M.  Fouchy  first  observed  that  this  would  depend  upon  the  distance 

of  the  earth  from  Jupiter.  Let  PR  be  tiie  shadow  of  Jupiter,  LM  the  orbit  fig. 
of  the  satellite,  and  let  v  be  the  center  of  the  satellite  mnrt  at  the  time  it  be-  l^S* 
comes  invisible,  then  tMt  is  the  part  not  yet  immersed,  and  which  is  called  the 
invisible  segment;  let  OQ  be  perpendicular  to  XM,  and  join  Oc^  and  draw  Ovsn. 
Now  if  we  know  sn^  subtract  it  firom  wi,  and  we  get  vs  ;  hence  we  know  Os 
—  w  or  Ot; ;  and  knowing  OQ,  we  know  Qt;,  which  reduce  into  time  ;  and  as 
OQ  and  Oc  are  known,  we  can  find  Qc,  and  therefore  we  know  the  time  of  de- 
scribing Qc  ;  hence,  having  found  the  time  of  describing  Qc  and  Qv,  we  know 
the  time  of  describing  cv,  which  subtracted  from  the  time  at  which  the  center 
was  at  Vj  gives  the  time  when  it  was  at  c,  or  the  time  of  the  inimersion  of  the 
center,  called  the  true  time,  which  ought  to  be  the  same  to  all  observers.  This 
quantity  vc  is  M.  Fouchy's  equation,  and  when  applied  to  the  observed  time, 
should  give  the  same  time  for  all  observations.  We  have  here  supposed  sit 
to  be  known ;  the  idea  how  to  find  this  was  first  suggested  by  M.  Fouchy,  and 
afterwards  improved  upon  by  M.  Bailly;  his  method  we  shall  here  explain. 

461.  M.  Bailly,  by  diaphragms  with  a  circular  hole  in  the  middle,  dimi- 
nished gradually  the  field  of  view  of  his  telescope  until  the  satellite  disappeared; 
hence  the  aperture  in  the  diaphragm  at  the  time  the  satellite  becomes  invisible, 
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phragm,  he  then  observed  it  4'.  54"  longer.    Now  an  aperture  of  10,5  lines 
wo.     gives  the  invisible  segment  J5i^=0,l9l4;  but  here  we  must  take  into  consi* 
****•     deration  the  proximity  of  the  satellite  to  Jupiter.     At  the  time  when  the  8atel« 
lite  disappeared  with  an  aperture  of  10,5  lines,  it  was  1,57  distant  from  Jupiter, 
and  at  tlie  immersion  it  was  1 ,25 ;  hence,  if  we  put  these  for  <r,  we  shall  get 
the  corresponding  segments  0,2571  and  0,1695;   hence  0,1695:0,2571:: 
0,1914  :  0,2903  die  invisible  segment  BFG  which  corresponds  to  the  whole 
aperture  at  the  distance  1 ,25,  deduced  from  that  which  was  observed  a^  the 
distance  1,75.     But  witli  an  aperture  of  IS  lines,  the  segment  BDE  must  be 
greater  in  proportion  as  the  aperture  is  less,  or  in  the  ratio  of  13^  :  24*;  hence, 
5DjB  5?  0,9895.     Now  the  versed  sine  J5J5:= 0,664,  and  BHzz  1,99852,  there^ 
fore  KHzz  1,33452,  the  space  passed  over  in  4'.  54' ;  here  the  satellite  entered 
obliquely  into  the  shadow;  but  if  it  had  entered  perpendicularly,  it  would  have 
taken  only  4'.  5 1''  to  have  passed  over  the  same  part;  lience,  1,33452  :  2  (the 
diameter)  ::4'.  51"  :  7'.  16*  the  diameter  in  time,  which  answers  to  l^  1'.  36* 
the  diameter  of  the  satellite  seen  from  Jupiter.     If  the  reader  wish  for  any  fur- 
ther satisfaction  upon  this  subject,  he  may  consult  the  Mem.  de  I* Acad.  Bey. 
des  Scien.  1771 ;  or  the  PhiL  Trans.  Vol.  LXIIL 

464.  Dr.  Maskeltne  observes,  that  the  method  here  proposed  of  correcting 
the  immersion  and  emersion  of  a  satellite,  must  be  subject  to  a  certain  d^ee 
of  inaccuracy  from  hence,  that  when  you  reduce  the  aperture  of  the  telescope 
so  as  to  make  the  satellite  disappear,  you  also  diminish  the  quantity  of  light 
from  Jupiter  in  the  s;>me  proportion,  on  which  account  the  satellite  will  be  vi- 
sible with  a  less  quantity  of.  light  than  it  would  be  if  Jupiter  continued  of  the 
same  brightness,  and  therefore  the  invisible  segment  will  have  a  less  ratio  to 
the  whole  surfiice,  than  the  quantity  of  light  in  the  aperture  when  the  satellite 
is  rendered  invisible  bias  to  the  quantify  of  light  in  the  whole  aperture.  A  cw- 
rection  therefore  for  this  circumstance  ought  to  be  applied.  We  may  also  fur« 
ther  observe,  that  besides  the  circumstances  which  are  here  taken  notice  of, 
the  twilight,  the  clearness  of  the  air,  the  proximity  of  Jupiter  to  the  moon, 
and  the  eye  of  the  observer,  all  combine  to  affect  the  time  at  which  the  satel- 
lite becomes  invisible. 

465.  When  Jupiter  is  so  far  distant  from  conjunction  with  the  sun,  as  to  be 
about  8°  above  tlie  horizon  when  the  sun  is  8°  below,  an  eclipse  of  the  satellites 
will  be  visible  at  any  place  ^  this  may  be  determined  near  enough  by  a  celestial 
globe  (Nautical  AhnanacJ.  Before  the  oppositions  of  Jupiter  to  the  sun,  the 
immersions  and  emersions  happen  to  the  west  of  Jupiter ;  q/ier  opposition,  they 
happen  to  the  east.^  If  an  astronomical  telescope  be  used,  which  reverses  ob- 
jects, the  appearance  will  be  contrary.  The  satellites  in  the  configurations  in 
the  Nautical  Almanac  are  put  down  on  their  proper  sides  of  Jupiter  ;  such  a 
t^eacc^e  therefore  reverses  their  situation  in  reject  to  Jupiter,  making  thote 
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6n  the  east  appear  to  the  west,  and  those  on  the  west  appear,  to  the  east.  The 
immersions  signify  the  instant  of  the  disappearance  of  the  satellite  by  entering 
the  shadow  of  Jupiter ;  and  the  emersions  signify  the  instant  at  which  they  first 
appear  at  the  coming  out  of  the  same.  For  directions  to  the  observer,  I  refer 
the  Reader  to  my  Practical  Astronomy ^  page  186. 

466.  M.  Cassini  suspected  that  the  satellites  had  a  rotation  about  their  axes, 
as  sometimes  in  their  passage  over  Jupiter's  disc  they  were  visible,  and  at  other 
times  not;  he  conjectured  therefore  that  they  had  spots  upon  one  side  and  not 
on  the  other,  and  that  they  were  rendered  visible  in  their  passage  when  the 
spots  were  next  the  earth.  At  different  times  also  they  appear  of  different  magni- 
tudes and  of  different  brightness.  The  fourth  appears  generally  the  smallest,, 
but  sometimes  the  greatest ;  and  the  diameter  of  its  shadow  on  Jupiter  appears 
sometimes  greater  than  the  satellite.  The  third  also  appears  of  a  variable  mag* 
nitude,  and  the  like  happens  to  the  other  two.  M.  Maraldi  also  concluded, 
from  his  own  observations,  that  they  had  a  rotation.  Mr.  Pound  also  observed 
that  they  appeared  more  luminous  at  one  time  than  another,  and  therefore  he 
concluded  that  they  revolved  about  their  axes.  This  is  confirmed  by  Dr.  Her- 
8CHEL,  who  has  discovered  that  all  the  satellites  of  Jupiter  have  a  rotatory  mo- 
tion about  their  axes,  of  the  same  duration  with  their  periodic  times  about  their 
primary.  This  he  determined  from  the  change  of  brightness  in  different  parts 
of  their  orbits.  He  observes  that  the  first  is  white,  but  sometimes  more  in- 
tensely than  others.  The  second  is  white,  bluish  and  ash-coloured.  The  third 
always  white,  but  of  different  intensities.  The  fourth  is  dusky,  dingy,  inclining 
to  orange,  reddish  and  ruddy  at  different  times.  At  the  mean  distance  of  Ju- 
piter, he  makes  the  diameter  of  the  second  satellite  0",87 ;  the  third  to  be  con- 
siderably the  greatest  ^  the  first  a  little  larger  than  the  second,  and  nearty  of 
the  size  of  the  fourth  ;  the  second  a  Uttle  smaller  than  the  first  and  fourth^  or 
the  smallest  of  them  all. 
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On  /^  Chnstruction  qf  the  Epochs  in  the  Tables* 

467.  The  epoch  of*  a  satellite  for  any  year  is  found  from  a  ccmjunction  of  the 
satellite;  this  will  be  best  explained  by  an  example.      By  Article  451  ^  it  was 
found  that  the  time  of  a  mean  conjunction  of  the  first  satellite  in  1 764,  was 
January  1 ,  8A.  26'.  47%  as  computed  for  the  construction  of  the  Tables ;   this, 
however,  is  not  the  true  time  of  the  mean  conjunction,  but  it  is  that  time  dimi- 
nished by  the  sum  of  the  maxima  of  all  the  equations,  except  that  arising  from 
the  equation  of  Jupiter's  orbit,  which  sum  is  29'.  22" ;  add  this  therefore  to  the 
above  time,  and  it  gives  January  1,   8A.  56*.  9'  for  the  true  time  of  the  mean 
conjunction,  or  tlie  time  when  the  mean  place  of  the  satellite  upon  its  orbit  was 
the  same  as  the  mean  place  of  Jupiter  in  its  orbit ;  but,  by  computation,  the 
mean  place  of  Jupiter  at  that  time  was  2'.  8^.  56'.  41",  this  therefore  is  the  mean 
place  of  the  satellite  at  the  same  time ;  but  the  mean  motion  of  the  satellite  in 
Irf.  8A.  56^.  9"  was  9*.  9°.  14'.  10";  subtract  this  therefore  from  2*.  8°.  56^.  41", 
and  we  have  4*.  29*.  42'.  81"  for  the  mean  place  of  the  satellite  at  the  beginning 
of  1764,  or  the  epoch  for  that  year,  at  Paris.     The  construction  of  the  Tables 
here  explained,  has  been  for  the  mean  distance  of  Jupiter  from  the  earth,  that 
is,  to  represent  the  satellites  as  seen  from  that  distance,  because  we  applied  the 
equations  of  light  as  explained  in  Article  420,  which  reduces  the  time  at  the 
place  where  the  earth  is  at  the  time  of  observation,  to  the  time  at  which  the 
same  phsenomenon  of  the  satellite  (its  conjunction)  would  have  appeared  if  the 
earth  had  been  at  its  mean  distance  from  Jupiter.     As  Greenwich  is  9'.  20".  east 
of  the  Observatory  at  Paris,  if  l^  19'.  8",  the  mean  motion  of  the  satellite  for 
that  time,  be  added  to  4'.  29^  42'.  31%  it  gives  5\  1°.  l'.  89''  for  the  epoch  for 
Greenwich,  the  year  at  Greenwich  beginning  9'.  20"  later  than  at  Paris.     But 
the  epochs  in  these  Tables  are  for  the  least  distance  of  Jupiter  from  the  earth, 
and  consequently  they  are  found  from  the  epochs  at  the  mean  distance^  by  add- 
ing to  them  the  mean  motions  of  the  satellites  for  10'.  Itf',  that  being  the  time 
(420)  which  light  takes,  in  passing  over  a  space  equal  to  the  difference  between 
the  least  and  mean  distances.     For  as  any  situations  of  the  satellites  appear  10'. 
10*  sooner  at  the  least  than  at  the  mean  distance  of  Jupiter  from  the  earth,  at 
any  point  of  time  they  must  appear  forwarder  in  their  orbits  at  the  former  than, 
at  the  latter  distance  by  their  motions  in  that  time.     Now  the  mean  motion  of 
the  satellite  in  10'.  10"  is  l^  26'.  12";  hence,  the  epoch  for  1 764,  for  the  least 
distance  of  Jupiter,  is  5\  2"*.  27'.  5l"j  the  Tables  which  are  here  given,  were  con- 
structed from  other  observations.     Having  determined  the  epoch  for  any  one 
year,  the  epochs  for  ihe  following  years  are  found  by  continually  adding  to  it. 
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the  mean  motions  for  a  year,  as  explained  in  Article  452 ;  and  the  epochs  for 
the  preceding  years  are  found  by  subtraction  ;  thus  we  continue  the  Tables  as 
&r  as  we  please. 

468.  The  first  Table  contains  the  epochs  of  the  satellites  at  the  beginning  of 
the  year,  that  is,  on  December  31  of  the  preceding  year  by  the  tjivil  account, 
at  12  o'clock  at  noon,  mean  time  ;  except  on  leap-year,  in  which  the  place  is 
put  down  for  January  1,  at  12  o'clock  at  noon,  mean  time. 

Table  the  second  contains  the  mean  motions  for  months,  showing  at  the  end 
of  each  month,  how  much  forwarder  the  satellites  are  than  they  were  at  the  be- 
ginning of  the  year.  If  therefore  to  the  place  at  the  beginning  of  the  year, 
you  add  the  mean  motion  for  any  month,  it  gives  the  mean  place  for  the  end  of 
that  month,  or  for  the  beginning  pf  the  next.  The  month  of  February  is  here 
supposed  to  contain  28  days.  Now  in  leap-year,  the  epoch  being  for  the  first 
of  January  at  noon,  mean  time,  when  we  add  the  motion  for  January,  it  gives 
the  place  on  February  1 ,  at  noon  ;  and  adding  the  motion  for  February  it  gives 
the  place  for  the  last  day  at  noon,  because  from  January  1,  to  February  29,  in 
leap-year,  is  the  same  as  from  December  31  to  February  28,  in  the  common  years; 
hence,  the  mean  motions  for  the  other  months  added  to  the  epochs,  will  give 
the  mean  places  as  well  in  leap-year,  as  in  the  common  years. 

The  third  Table  contains  the  mean  motions  for  jlays,  as  &r  as  31,  that  being 
sufficient,  as  we  have  the  mean  motions  for  months.  But  in  leap-year^  in  the 
months  of  January  and  February,  we  must  take  the  motion  for  one  day  less  than 
tlie  day  of  th6  month,  because  (as  above  explained)  the  epoch  is  for  the  first  of 
January,  and  the  motion  for  a  month  being  added  gives  the  place  on  the  first 
of  February ;  the  places  therefore  being  thus  obtained  afler  one  day  in  each 
month  has  passed,  the  motion  from  that  time  to  any  other  day  must  be  one  day 
less  than  the  niunber  of  days  of  the  month. 

The  fourth  Table  contains  the  mean  motions  for  hours ;  and  the  fifUi  Table 
contains  the  mean  motions  for  minutes  and  seconds. 

The  sixth  Table  contains  the  apparent  distances  of  the  satellites  firom  the 
center  of  Jupiter  in  terms  of  its  semidiameters,  according  to  their  situations  in 
their  orbits,  and  the  geocentric  place  of  Jupiter. 

The  seventh  Table  contains  the  first  equation  of  light ;  the  eighth  contains  the 
second  equation  of  light  These  Tables  are  constructed  to  the  nearest  distance 
of  Jupiter  from  the  earth ;  and  therefore  at  all  other  times,  the  satellites  will  ap- 
pear to  come  later  to  the  places  found  from  the  Tables  than  the  time  to  which 
they  were  computed,  by  the  equations  in  the  Tables. 

Table  the  ninth  contains  the  equation  of  the  center  of  the  fourth  satellite. 

469.  These  Tables  give  only  the  mean  places  of  the  satellites,  except  for  the 
fourtli  satellite,  whose  place  may  be  corrected  by  the  equation  of  the  orbit. 
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Tliis  accuracy  is  sufficient  for  the  purpose  for  which  the  Tables  are  here  given, 
they  being  principally  intended  to  find  the  con%urations  of  the  satellites.  In  . 
the  Tables  for  computing  the  eclipses,  the  epochs  for  each  year  are  those  of  the 
first  mean  conjunction  of  the  satellite  after  the  commencement  of  the  year;  the 
construction  of  these  Tables,  and  their  uses,  will  be  explained  in  the  Third 
Volume. 

470.  If  it  be  required  to  find  the  apparent  positions  of  the  satellites  at  any 
given  apparent  time,  that  time  must  be  converted  into  mean  time  (the  Tables 
being  constructed  to  mean  time)  by  applying  the  equation  of  time ;  and  then 
from  that  mean  time,  the  equation  of  light  must  be  subtracted,  uid  the  com- 
putation made  for  that  time ;  and  firom  tiie  places  thus  fi>und,  we  must  subtract 
the  geocentric  place  of  Jupiter,  and  proceed  as  already  explained. 
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THE  MEAN  MOTION  OF  JUPITER's  SATELLITES  FOR  DAYS. 


TABLE  III. 


> 

at 

I. 

IL 

IIL 

IV. 

IV.  A  PS. 

s. 

D.  M. 

s. 

S.   D.  M.  S. 

S.   D. 

M. 

s. 

S.   D.  M.  S. 

M.   S. 

1 

6. 

23.  29. 

20  3.  11.  22.  29 

1.  20. 

19. 

4 

0.  21.  34.  16 

0.  7 

2 

1. 

16.  58. 

41 

6.  22.  44.  58 

3.  10. 

38. 

7 

1.  13.  8.  32 

0.  15 

3 

8. 

10.  28. 

1 

10.  4.  7.  27 

5.  0. 

57. 

11 

2.  4.  42.  48 

0.  22 

4 

S. 

3.  57. 

22 

1.  15.  29.  57 

6.  21. 

16. 

14 

2.  26.  17.  4 

0.  SO 

5 
6 

9. 

27.  26. 

42 

4.  26.  52.  26 

8.  11. 

35. 

18 

3.  17.  51.  20 

0.  S7 

4. 

20.  56. 

2 

8.  8.  14.  55 

10.  1. 

54. 

21 

4.  9.  25.  36 

0.  44 

7 

11. 

14.  25. 

22 

11.  19.  37.  24 

11.  22. 

13. 

25 

5.  0.  59.  52 

0.  52 

8 

6. 

7.  54. 

43  3.  0.  59.  53 

1.  12. 

32. 

28 

5.  22.  34.  8 

0.  59 

9 

1. 

1.  24. 

3 

6.  12.  22.  22 

3.  2. 

51. 

32 

6.  14.  8.  24 

1.  7 

10 
11 

7. 

24.  53. 

23 

9.  23.  44.  51 

4.  23. 

10. 

35 

7.  5.  42.  40 

1.  14 

2. 

18.  22. 

44 

I.  5.  7.  21 

6.  13. 

29. 

39 

7.  27.  16.  56 

I.  22 

12 

9. 

11.  52. 

4 

4.  16.  29.  50 

8.  3. 

48. 

42 

8.  18.  51.  12 

1.  29 

IS 

4. 

5.  21. 

25 

7.  27.  52.  19 

9.  24. 

7. 

46 

9.  10.  25.  28 

1.  36 

14 

10. 

28.  50. 

45 

11.  9.  14.  48 

11.  14. 

26. 

50 

10.   1.  59.  44 

1.  44 

15 
16 

5. 

22.  20. 

6 

S.  20.  37.  17 

1.  4. 

45. 

53 

10.  23.  34.  0 

1.  51 

0. 

15.  49. 

26 

6.  1.  59.  46 

2.  25. 

4. 

57 

11.  15.  8.  16 

1.  59 

17 

7. 

9.  18. 

46 

9.  13.  22.  15 

4.  15. 

23. 

0 

0.  6.  42.  32 

2.  6 

18 

2. 

2.  48. 

6 

0.  24.  44.  45 

6.  5. 

43. 

4 

0.  28.  16.  48 

2.  13 

19 

8. 

26.  17. 

27 

4.  6.  7.  14 

7.  26. 

2. 

7 

1.  19.  51.  4 

2.  21 

2Q 

3. 

19.  46. 

47 

7.  17.  29.  43 

9.  16. 

21. 

11 

2.  11.  25.  20 

2.  28 

21 

10. 

13.  16. 

8 

10.  28.  52.  12 

U.  6. 

40. 

14 

3.  2.  59.  36 

2.  36 

22 

5. 

6.  45. 

29 

2.  10.  14.  41 

0.  26. 

59. 

18 

3.  24.  33.  52 

2.  43 

23 

0. 

0.  14. 

49 

5.  21.  37.  10 

2.  17. 

18. 

21 

4.  16.  8.  8 

2.  51 

24 

6. 

23.  44. 

9 

9.  2.  59.  39 

4.  7. 

37. 

25 

5.  7.  42.  34 

2.  58 

25 
26 

1. 

17.  13. 

29 

0.  14.  22.  9 

5.  27. 

5Q. 

28 

5.  29.  16.  50 

3.  5 

8. 

10.  42. 

50 

3.  25.  44.  38 

7.  18. 

15. 

32 

6.  20.  50.  56 

3.  IS 

27 

3. 

4.  12. 

10 

7.  7.  7.  7 

9.  8. 

34. 

S6 

7.  12.  25.  12 

3.  20 

28 

9. 

27.  41. 

30 

10.  18.  29.  36 

10.  28. 

53. 

39 

8.  3.  59.  28 

3.  28 

29 

4. 

21.  10. 

51 

1.  29.  52.  5 

0.  19. 

12. 

43 

8.  25.  33.  44 

3.  35 

SO 

11. 

14.  40. 

11 

5.  11.  14.  34 

2.  9. 

31. 

46 

9.  17.  8.  0 

3.  42 

31  6. 

8.  9. 

32 

8.  22.  37.  3 

3.29. 

50. 

50 

10.  8.  42.  16 

3.  50 

In  leap-year,  for  January  and  February  take  one  day  less,  for  reasons  already  given. 
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3NS  OF  JUPITER 
FOR  HOURS. 

TABLE  IV. 


s 

o 
c 

CO 

1 

I. 

II. 

III. 

IV. 

s. 

D. 

M«   S« 

s. 

D. 

M. 

s. 

s. 

D. 

Ai«   S* 

s. 

D. 

M»   S* 

0. 

8. 

28.  43 

0. 

4. 

13. 

26 

0. 

2. 

5.  48 

0. 

0. 

53.  56 

2 

0. 

16. 

57.  27 

0. 

8. 

26. 

52 

0. 

4. 

11.  S5 

0. 

1. 

47.  51 

3 

0. 

25. 

26.  10 

0. 

12. 

40. 

19 

0. 

6. 

17.  23 

0. 

2. 

41.  47 

4 
5 

1. 

3. 

54.  SS 

0. 

16. 

53. 

45 

0. 

8. 

23.  11 

0. 

3. 

35.  43 

1. 

12. 

23.  36 

0. 

21. 

7. 

11 

0. 

10. 

28.  58 

0. 

4. 

29.  38 

6 

1. 

20. 

52.  J20 

0. 

25. 

20. 

37 

0. 

12. 

34.  46 

0. 

5. 

23.  34 

7 

1. 

29. 

21.  3 

0. 

29. 

34. 

3 

0. 

14. 

40.  S3 

0. 

6. 

17.  SO 

8  2. 

7. 

49.  46 

1. 

3. 

47. 

SO 

0. 

16. 

46.  21 

0. 

7. 

11.  25 

9 

2. 

16. 

18.  30 

1. 

8. 

0. 

56 

0. 

18. 

52.  9 

0. 

8. 

5.  21 

10 

2. 

24. 

47.  13 

1. 

12. 

14. 

22 

0. 

20. 

57.  56 

0. 

8. 

59.  17 

11 

3. 

3. 

15.  56 

1. 

16. 

27. 

48 

0. 

23. 

O*  'trr 

0. 

9. 

53.  IS 

12 

3. 

11. 

44.  40 

1. 

20. 

41. 

15 

0. 

25. 

9.  32 

0. 

10. 

47.  8 

13 

3. 

20. 

13.  24 

1. 

24. 

54. 

41 

o. 

27. 

15.  .19 

0. 

11. 

41.  4 

14 

3. 

28. 

42.  7 

1. 

29. 

8. 

7 

0. 

29. 

21.  7 

0. 

12. 

35.  0 

15 

4. 

7. 

10.  51 

2. 

S. 

21. 

33 

X  • 

1. 

26.  55 

o. 

13. 

28.  55 

16 

17 

4. 

15. 

39.  34 

2. 

7. 

34. 

59 

1  • 

3. 

32.  42 

0. 

14. 

22.  51 

4. 

24. 

8.  17 

2. 

11. 

48. 

26 

X  m 

5. 

38.  SO 

0. 

15. 

16.  47 

18 

5. 

2. 

37.  0 

2. 

16. 

]. 

52 

km 

7. 

44.  18 

0. 

16. 

10.  42 

19 

5. 

11. 

5.  43 

2. 

2a 

15. 

18 

!• 

9. 

50.  5 

0. 

17. 

4.  38 

20 

5. 

19. 

84.  27 

2. 

24. 

28. 

44 

JL  • 

11. 

55.   5» 

0. 

17. 

58.  34 

21 

5. 

28. 

S.  10 

2. 

28. 

42. 

11 

1  • 

14. 

1.  41 

0. 

18. 

52.  29 

22 

6. 

6. 

31.  53 

3. 

2. 

55. 

87 

1  • 

16. 

7.  28 

0. 

19, 

46.  25 

23 

6. 

15. 

0.  37 

3. 

7. 

9. 

3 

■i  • 

18. 

13.  16 

0. 

20. 

40.  21 

24 

6. 

23. 

29.  20 

3. 

11. 

22. 

29 

X  • 

20. 

19.  4 

0. 

21. 

S4.  16 
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TABLES    OF  JUPITER  3    SATELLITES, 


THE  MEAN  MOTIONS  OF  JUPITER's  SATELLITES  FOR 

MINUTES  AND  SECONDS. 

TABLE   V. 


M. 

D. 

M. 

s. 

D.  M.  S. 

D.   M.   S. 

D. 

M.  8. 

S. 

1 

M. 

S. 

T. 

Al*    S*    A* 

M.   S.   T. 

M. 

S.   T. 

L 

IL 

in. 

IV. 

0. 

8. 

29 

O.   4.  13 

0.  2.  6 

0. 

0.  54 

2 

0. 

16. 

57 

0.  8.  27 

0.  4.  12 

0. 

1.  48 

S 

0. 

25. 

26 

0.  12.  40 

0.  6.   17 

0. 

2.  42 

4 

0. 

33. 

55 

0.  16.  54 

0.  8.  23 

0. 

3.  36 

5 

0. 

42. 

24 

0.  21.  7 

0.  10.  29 

0. 

4.  30 

6 

0. 

50. 

52 

0.  25.  21 

0.  12.  35 

0. 

5.  24 

7 

0. 

59. 

21 

0.  29.  34 

0.  14.  41 

0. 

6.  18 

8 

1. 

7. 

50 

0.  33.  47 

0.  16.  46 

0. 

7.  11 

9 

1. 

16. 

18 

0.  38.   1 

0.  18.  52 

0. 

8.  S- 

10 

1. 

24. 

47 

.0.  42.  14 

Q.  2a  58 

0. 

8.  59 

11 

1. 

33. 

16 

0.  46.  28 

0.  23.  4 

0. 

9.  53 

12 

1. 

41. 

45 

.0.  50.  41 

0.  25.  10 

0. 

10.  47 

13 

1. 

50. 

13 

0.  54.  55 

0.  27.  15 

0. 

11.  41 

14 

1. 

58. 

42 

0.  59.  8 

0.  29.  21 

o. 

12.  35 

15 

2. 

7. 

11 

1.  3.  22 

0.  31.  27 

0. 

13.  39 

16 

2. 

15. 

40 

1.  7.  35 

0.  33.  33 

0. 

14.  23 

•  17 

2. 

24. 

8 

1.  11.  48 

0.  35.  39 

0. 

15.  17 

18 

2. 

32. 

37 

1.  16.  2 

0.  37.  44 

0. 

16.  11 

19 

2. 

41. 

6 

1.  20.  15 

0.  39.  50 

0. 

17.  5 

20 

2. 

49. 

34 

1.  24.  29 

0.  41.  56 

0. 

17.  59 

21 

2. 

58. 

3 

1.  28.  42 

0.   44.  2 

0. 

18.  52 

22 

3. 

6. 

32 

1.  32.  56 

0.  46.  7 

0. 

19.  46 

23 

3. 

15. 

1 

1.  37.  9 

0.  48.  13 

0. 

20.  40 

24 

3. 

23. 

29 

1.  41.  22 

0.  50.  19 

0. 

21.  34 

25 

3. 

31. 

58 

1.  45.  36 

0.  52.  25 

0. 

22.  28 

26 

3. 

40. 

27 

1.  49.  49 

0.  54.  31 

0. 

23.  22 

27 

3. 

48. 

55 

1-  54,   3 

0.  56.  37 

0. 

24.  16 

28 

3. 

57. 

24 

1.  58,  16 

0.  58.  42 

0. 

25.  10 

29 

4. 

5. 

53 

2.   2.  30 

1.  0.  48 

0. 

26.  4 

30 

4. 

14. 

22 

2.   6-  43 

1.   2.  54 

• 

0. 

26.  58 

-.'  '•»  1 
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THE  MEAN  MOTIONS  OF  JUPITER's  SATELLITES  FOR 

MINUTES  AND  SECONDS, 

THE  FIFTH  TABLE  CONTINUED. 


M. 

D. 

.  M. 

s. 

V. 

M. 

s. 

D.   M. 

s. 

D. 

M.   S. 

S. 

M. 

.  S. 

T. 

M. 

S. 

T. 

M.»          S* 

T. 

M. 

S.  T. 

L 

n. 

in. 

IV. 

81 

4. 

22. 

50 

2. 

10. 

57 

1.  5. 

O 

0. 

27.  52 

32 

4. 

31. 

19 

2. 

15. 

10 

1.  7. 

6 

0. 

28.  46 

33 

4. 

39. 

48 

2. 

19. 

23 

1.  9. 

11 

0. 

29.  40 

34 

4. 

48. 

17 

2. 

23. 

37 

1.  11. 

17 

0. 

SO.  S3 

35 

4. 

56. 

45 

2. 

27. 

50 

1.  13. 

23 

o. 

31.  27 

36 

5. 

5. 

14 

2. 

32. 

4 

1.  15. 

29 

0. 

32.  21 

37 

5. 

13. 

43 

2. 

36. 

17 

1.  17. 

35 

0. 

33.  15 

38 

5. 

22. 

11 

2. 

40. 

31 

1.  19. 

40 

0. 

34.  9 

39 

5. 

30. 

40 

2. 

44. 

44 

1.  21. 

46 

0. 

35.  3 

40 

5. 

39. 

9 

2. 

48. 

57 

1.  23. 

52 

0. 

35.  57 

41 

5. 

47. 

48 

2. 

53. 

11 

1.  25. 

58 

0. 

36.  51 

42 

5. 

56. 

6 

2. 

57. 

24 

1.  28. 

4 

0. 

37.  45 

43 

6. 

4. 

35 

3. 

1. 

38 

1.  30. 

9 

0. 

38.  39 

44 

6. 

13. 

4 

3. 

5. 

51 

1.  32. 

15 

0. 

39.  S3 

45 

6. 

21. 

32 

3. 

10. 

5 

1.  34. 

21 

0. 

40.  27 

46 

6. 

80. 

1 

3. 

14. 

18 

1.  36. 

27 

0. 

41.  21 

47 

6. 

88. 

30 

3. 

18. 

31 

1.  38. 

S3 

0. 

42.  15 

48 

6. 

46. 

59 

3. 

22. 

45 

1.  40. 

38 

0. 

43.  9 

49 

6. 

55. 

27 

3. 

26. 

58 

1.  42. 

44 

0. 

44.  2 

50 

7. 

8. 

56 

3. 

31. 

12 
25 

1.  44. 

50 

0. 

44.  56 

51 

7. 

12. 

25 

3. 

35. 

1.  46. 

56 

o. 

45.  50 

52 

7. 

20. 

54 

3. 

39. 

39 

1.  49. 

2 

0. 

46.  44 

53 

7. 

29. 

22 

3. 

43. 

52 

1.  51. 

7 

0. 

47.  38 

54 

7. 

37. 

51 

S. 

48. 

6 

1.  53. 

IS 

0. 

48.  32 

55 

7. 

46. 

20 

3. 

52. 

19 

1.  55. 

19 

0. 

49.  26 

56 

7. 

54. 

48 

3. 

56. 

32 

1.  57. 

25 

0. 

50.  20 

51 

8. 

3. 

17 

4. 

0. 

46 

1.  59. 

31 

0. 

51.  14 

58 

8. 

11. 

46 

4. 

4. 

59 

2.   1. 

36 

0. 

52.  8 

59 

8. 

20. 

15 

4. 

9. 

12 

2.  3. 

42 

0. 

53.  4 

60 

8. 

28. 

43 

4. 

13. 

26 

2.  5. 

48 

0. 

53.  56 

1 
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APPARENT  DISTANCES  OF  THE  SATELLITES  FROM  THE  CENTER  OF 

JUPITER,  IN  SEMIDIAMETERS  OF  JUPITER. 

TABLE  VI. 


DISTANCE  OF  THE  SATELLITES  FROM  THE  GEOCENTRIC  PLACE  OF  JUPITER* 

Sat. 

O.  East. 

TL  Wat. 

I.  East. 

VII.  West. 

II.  C«t. 

VIII.  West. 

ff 

I. 

II. 

III. 

IV. 

I. 

II. 

III. 

IV. 

I. 

IL 

III. 

IV. 

Semid. 

Soinid. 

Semid. 

Semid. 

Semid. 

Semid. 

Semid. 

Semid. 

Semid. 

Semid. 

Semtd. 

Semid. 

o^ 

0 

1 

0,0 

0,0 

0,0 

0,0 

2,95 

4,70 

7,50 

18,19 

5,12 

8,14 

12,99 

22,85 

Ti, 

0,10 

0,16 

0,26 

0,46 

3,04 

4,84 

7,73 

13,59 

5,17 

8,22 

18,12 

28,07 

29 

2 

0,21 

0,33 

0,52 

0,92 

3,13 

4,98 

7,95 

13,98 

5,22 

8,30 

13,24 

28,29 

28 

3 

0,31 

0,49 

0,78 

1,38 

3,22 

5,12 

8,17 

14,37 

5,27 

8,88 

18,86 

28,51 

27 

4 

0,41 

0,66 

1,05 

1,84 

3,30 

5,26 

8,89 

14,75 

5,81 

8,45 

13,48 

28,71 

26 

5 
6 

0,51 

0,82 

1,31 

2,30 

8,89 

5,89 

8,60 

15,18 

5,86 

8,52 

18,59 

28,91 

25 
24 

0,62 

0,98 

1,57 

2,76 

3,47 

5,53 

8,82 

15,51 

5,40 

8,59 

18,70 

24,10 

7 

0,72 

1,14 

1,83 

8,22 

3,56 

5,66 

9,08 

15,88 

5,44 

8,66 

18,81 

24,28 

23 

8 

0,82 

1,31 

2,09 

3,67 

3,64 

5,79 

9,24 

16,24 

5,48 

8,72 

13,91 

24,46 

22 

9 

0,92 

1,47 

2,34 

4,13 

8,72 

5,92 

9,44 

16,60 

5,52 

8,78 

14,00 

24,68 

21 

10 

1,03 

1,63 

2,60 

4,56 

8,80 

6,04 

9,64 

16,96 

5,55 

8,84 

14,10 

24,79 

20 
19 

11 

1,13 

1,79 

2,86 

5,08 

8,87 

6,17 

9,84 

17,81 

5,59 

8,89 

14,18 

24,95 

12 

1,23 

1,95 

3,11 

5,48 

8,95 

6,29 

10,04 

17,65 

5,62 

8,94 

14,27 

25,09 

18 

13 

1,33 

2,12 

8,87 

5,93 

4,03 

6,41 

10,23 

17,99 

5,65 

8,99 

14,84 

25,23 

17 

14 

1,43 

2,27 

8,63 

6,38 

4,10 

6,58 

10,42 

18,82 

5,68 

9,04 

14,42 

25,86 

16 

15 
16 

1,58 

2,43 

8,88 

6,88 

4,18 

6,65 

10,61 

18,65 

5,71 

9,08 

14,49 

25,48 

15 

1,63 

2,59 

4,13 

7,27 

4,25 

6,76 

10,79 

18,98 

5,73 

9,12 

14,56 

25,60 

14 

17 

1,73 

2,75 

4,38 

7,71 

4,82 

6,88 

10,98 

19,30 

5,76 

9,16 

14,62 

25,71 

18 

18 

1,83 

2,91 

4,63 

8,15 

4,89 

6,99 

11,15 

19,61 

5,78 

9,20 

14,67 

25,61 

12 

19 

1,92 

3,06 

4,88 

8,59 

4,46 

7,09 

11,32 

19,91 

5,80 

9,23 

14,72 

25,90 

11 

20 

21 

2,02 
2^12 

3,22 

5,18 

9,02 

4,58 

7,20 

11,49 

20,21 

5,82 

9,26 

14,77 

25,98 

10 

3,37 

5,87 

9,45 

4,59 

7,81 

11,66 

20,50 

5,83 

9,29 

14,61 

26,06 

9 

22 

2,22 

3,52 

5,62 

9,88 

4,66 

7,41 

11,82 

20,79 

5,85 

9,81 

14,85 

26,13 

8 

23 

2,31 

3,67 

5,86 

10,31 

4,72 

7,51 

11,98 

21,07 

5,87 

9,88 

14,89 

26,19 

7 

24 

2,40 

3,82 

6,11 

10,73 

4,78 

7,61 

12,14 

21,84 

5,88 

9,35 

14,92 

26,24 

6 

25 
26 

2,50 
2,59 

3,97 

6,34 

11,15 

4,84 

7,70 

12,29 

21,61 

5,89 

9,8 

14,94 

26,28 

5 

4,12 

6,57 

11,57 

4,90 

7,80 

12,44 

21,87 

5,89 

9,38 

14,96 

26,32 

4 

27 

2,68 

4,27 

6,81 

11,98 

4,96 

7,89 

12,58 

22,18 

5,90 

9,39 

14,98 

26,35 

8 

28 

2,77 

4,41 

7,04 

12,39 

5,01 

7,97 

12,72 

22,87 

5,91 

9,40 

14,99 

26,87 

2 

29 

2,86 

4,56 

7,27 

12,79 

5,07 

8,06 

12,86 

22,61 

5,91 

9,40 

15,00 

26,38 

1 

30 

Sig. 

2,95 

4,70 

7,50 

13,19 

5,12  8,14 

12,99     22,85 

5,91 

9,40 

15,00 

26,88 

0 

XI.  Wt$l. 

V.Eatt. 

X.Wnt. 

IV.Eoit. 

IX.  Wett. 

ni.  Em. 
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TRE  FIMSl'  EQUATION  OF  LIGHT. 


TABLB  VII. 


ARGUMENT.  DISTANCE  OF  JUPITER  FROM  THE  SUN. 

Deg. 

Sig.  o. 

Sig.  I. 

Sig.  II. 

Sig.  III. 

Sig.  IV. 

Sig.V. 

Deg. 

0 

16'.  15" 

15*.  10' 

12".  12* 

8'.  7" 

4'.  S" 

1'.  5* 

SO 

1 

16.  15 

15.  6 

12.  5 

7.  59 

3.  56 

1.  I 

29 

2 

16.  15 

15.  1 

11.  57 

7.  51 

S.  49 

0.  57 

28 

3 

16.  14 

14.  56 

11.  49 

7.  42 

3.  42 

0.  53 

27 

4 

16.  14 

14.  52 

11.  41 

7.  34 

3.  35 

0.  49 

26 

5 

16.  13 

14.  47 

11.  33 

7.  25 

S.  28 

0.  45 

25 

6 

16.   12 

14.  42 

11.  25 

7.  16 

3.  21 

0.  42 

24 

7 

16.  11 

14.  37 

11.  17 

7.  a 

8.  14 

0.  38 

23 

8 

16.  10 

14.  82 

11.  9 

6.  59 

3.  7 

0.  36 

22 

9 

16.  9 

14.  27 

11.  2 

6.  51 

3.  0 

0.  SS 

21 

!10 

1 
1 

16.  7 

14.  21 

10.  55 

6.  42 

2.  5S 

0.  SO 

20 

11 

16.  5 

14.  15 

10.  47 

6.  34 

2.  47 

0.  27 

19 

'  12 

16.  4 

14.  9 

10.  38 

6.  26 

2.  41 

0.  24 

18 

IS 

16.  2 

14.  3 

10.  30 

6.  18 

2.  35 

0.  22 

17 

14 

16.  O 

13.  58 

10.  22 

6.  10 

2.  29 

0.  19 

16 

15 

15.  58 

13.  52 

10.  14 

6.  1 

1 

2.  23 

0.  17 

15 

16 

15.  56 

13.  46 

10.  6 

5.  53 

2.  18 

0.  15 

14 

17 

15.  54 

13.  40 

9.  57 

5.  45 

2,  12 

0.  13 

IS 

18 

15.  51 

13.  S4 

9.  48 

5.  S7 

2.  6 

0.  11 

12 

19 

15.  48 

13.  28 

9.  40 

5.  29 

2.  0 

0.  10 

11 

20 

15.  45 

IS.  22 

9.  32 

5.  21 

1.  54 

0.  8 

10 

21 

15.  42 

IS.  15 

9.  24 

5.  IS 

1.  48 

0.  6 

9 

22 

15.  89 

IS.  8 

9.  16 

5.  9 

1.  43 

0.  5 

8 

23 

15.  36 

13.   1 

9.  8 

4.  58 

1.  38 

0.  4 

7 

24 

15.  SS 

12.  54 

8.  59 

4.  50 

1.  33 

0.  3 

6 

25 

15.  SO 

12.  47 

8.  50 

4.  42 

1.  28 

0.  2 

5 

26 

15.  26 

12.  40 

8.  41 

4.  34 

1.  23 

0.   1 

4 

27 

15.  22 

12.  33 

8.  32 

4.  26 

1.  19 

0.   1 

3 

28 

15.  18 

12.  26 

8.  23 

4.  1$ 

1.  14 

0.  0 

2 

29 

15.  14 

12.  19 

8.  15 

4.  11 

1.  9 

O.  0 

1 

SO 

15.  10 

12.  12 

8.  7 

4.  S 

i.  5 

0.  0 

• 

0 

Sig.  XI. 

Sig.  X. 

Sig.  IX. 

Sig.  VIII. 

Sig.  VII. 

Sig.  VI. 

■  ,  .. 
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TABtES  or  juprrea's  satellitbs. 


THE  SECOND  EQUATION  OF  LIGHT. 


TABLE  VIII, 


ARGUMENT. 

ANOMALY  OF  JUPITER.  - 

Deg. 

Sig.  0. 

Sig.  I. 

Sig 

.11. 

Sig.  III. 

Sig.  IV. 

Sig.  V.  1 

Deg. 

0 

4'.  4" 

3'.  47" 

3'. 

3" 

2'.  2* 

1'.  1" 

0'.  16" 

30 

1 

4.  4 

3.  46 

3. 

1 

2.  0 

0.  59 

0.  15 

29 

2 

4.  4 

3.  45 

2. 

59 

1.  58 

0.  57 

0.  14 

• 

28 

3 

4.  4 

3.  44 

2. 

57 

1.  56 

0.  55 

0.  IS 

27 

4 

4.  4 

3.  43 

2. 

55 

1.  53 

0.  54  1 

0.  12 

26 

& 

4.  3 

3.  42 

2. 

53 

1.  51 

0.  52 

0.  12 

25 

6 

4.  3 

3.  41 

2. 

51 

1.  49 

0.  51 

0.  11 

24 

7 

4.  3 

3.  39 

2. 

49 

1.  47 

O.  49 

0.  10 

23 

8 

4.  3 

3.  38 

2. 

47 

1.  45 

0.  47 

0.     9 

22 

9 

4.  2 

3.  37 

2. 

45 

1.  43 

0.  46 

0.  8 

21 

10 

4.  2 

3.  35 

2. 

44 

1.  41 

0.  44 

0.  7 

20 

11 

4.  2 

3.  34 

2. 

42 

1.  39 

0.  43 

0.  6 

19 

12 

4.   1 

3.  32 

2. 

40 

1.  37 

0.  41 

0.  6 

18 

13 

4.  0 

3.  31 

2. 

38 

1.  35 

0.  40 

0.  5 

17 

14 

4.  0 

3.  30 

2. 

36 

1.  33 

0.  38 

0.  5 

16 

15 
16 

4.  0 

3.  28 

2. 

34 

I.  30 

0.  36 

O.  4 

15 

3.  59 

3.  27 

2. 

32 

1.  28 

0.  35 

0.  4 

14 

17 

3.  59 

3.  25 

2. 

29 

1.  26 

0.  33 

0.  3 

13 

18 

3.  58 

3.  24 

2. 

27 

1.  24 

0.  32 

0.  3 

12 

19 

3.  57 

3.  22 

2. 

25 

1.  22 

0.  30 

0.  2 

11 

20 
21 

3.  56 

3.  21 

2. 

23 

1.  20 

0.  29 

0.  2 

10 
9 

3.  55 

3.  20 

2. 

21 

1.  18 

0.  27 

0.   1 

22 

3.  55 

3.  17 

2. 

19 

1.  16 

0.  26 

0.   1 

8 

23 

3.  54 

3.  15 

2. 

17 

1.  14 

0.  25 

0.   1 

7 

24 

3.  53 

3.  13 

2, 

15 

1.  12 

0.  23 

0.   I 

6 

25 
26 

3.  52 

3.  12 

2. 

13 

1.  10 

0.  22 

0.  0 

5 

3.  51 

3.  10 

2. 

10 

1.  8 

0.  21 

0.  0 

4 

27 

3.  50 

3.  8 

2. 

8 

1.  7 

0.  20 

0.  0 

3 

28 

3.  49 

3.  6 

2. 

6 

1.  5 

0.  19 

0.  0 

2 

29 

3.  48 

3.  5 

2. 

4 

1.  3 

0.  17 

0.  0 

1 

30 

3.  47 

3.  3 

2. 

2 

1.   1 

0.  16 

0.  0 

0 

Sig.  XI 

Sig.  X. 

Sig. 

IX. 

Sig.VIlI 

Sig.VIL 

Sig.  VI. 

EQUATION  OF  THE  CENTER  OF  THE  FOURTH  SATELLITE. 
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TABLE  IX. 


ARGUMENT.    MEAN  ANOMALY. 

Deg. 

+  VI-0. 

+  VII  - 1. 

+  VIII- II. 

I>eg. 

0 

0'.    0* 

24'.  57' 

43'.  22" 

SO 

1 

0.  52 

25.  42 

43.  48 

29 

2 

1.  44 

26.  26 

44.   14 

28 

S 

2.  37 

27.   10 

tptc»  c/«^ 

27 

4 

3.  29 

27.  54 

45.     S 

26 

S 

4.  21 

28.  37 

45.  26 

25 

6 

5.  IS 

29.  20 

45.  48 

24 

7 

6.     5 

SO.     2 

46.     9 

23 

8 

6.  57 

%J^m     y4 

46.  30 

22 

9 

7.  48 

31.  25 

46.  50 

21 

10 

8.  39 

32.     6 

47.     9 

20 

11 

9.  31 

32.  46 

47.  26 

19 

12 

10.  22 

33.  25 

47.  42 

18 

IS 

11.  13 

34.     4 

47.  58 

17 

14 

12.     4 

34.  43 

48.   13 

16 

15 

12.  55 

35.  21 

48.  28 

15 

16 

13.  45 

35.  47 

48.  42 

14 

17 

14.  36 

36.  33 

48.  56 

13 

18 

15.  26 

37.     8 

49.     7 

12 

19 

16.  15 

37.  43 

49.  18 

11 

20 

17.     4 

38.  18 

49.  28 

10 

21 

17.  53 

38.  52 

49.  37 

9 

22 

18.  41 

39.  25 

49.  46 

8 

23 

19.  29 

39.  57 

49.  54 

7 

24 

20.  17 

40.  28 

50.      1 

6 

25 

21.     5 

40.  59 

50.     6 

5 

26 

21.  52 

41.  29 

50.     9 

4 

27 

22.  39 

41.  58 

50.   14 

3 

28 

23.  26 

42.  27 

50.   17 

2 

29 

24.   12 

42.  55 

50.   19 

1 

30 

24.  57 

43.  22 

50.  20 

0 

+  XI-V. 

+  X-IV. 

+  IX -III. 
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ON  SATUEkVs  lATEXXITESi 


On  the  SatdUtes  qf  Satunu 

471.  In  the  year  1655,  Huygcks  discovered  the  feurtli  satellite  of  Saturn  ; 
and  published  a  Table  of  its  mean  motion  in  1659.  In  1671,  M.  Cassini  dis- 
covered the  fifth,  and  the  third  in  1672;  and  in  1684,  the  first  and  second; 
and  afterwards  published  Tables  of  tiieir  motions.  He  called  them  Sidera  Lo^ 
dotceuy  in  honour  of  Louis  le  GfUKD,in  whose  reign,  and  observatory,  they  were 
first  discovered.  Dr.  H alley  found  by  fais  own  observations  in  1682,  that 
Hu YGENs's  Tables  had  considerably  run  out,  they  being  about  1 5^.  in  20  years 
too  forward,  and  therefore  he  composed  new  Tables  fi'om  more  correct  elements. 
He  also  reformed  M.  Cassini's  Tables  of  the  mean  motions ;  and  about  the  year 
1720,  published  them  a  second  time,  corrected  from  Mr.  Pound's  observations. 
He  observes,  that  the  four  innermost  sateBites  describe  orbits  very  nearly  in  the 
plane  of  the  ring,  which  he  says  is,  as  to  seose,  parallel  to  our  equator ;  and 
that  the  orbit  of  the  fiftli  is  )a  little  inclined  to  them.  The  following  Table  con- 
tains the  periodic  times  of  the  five  satellites,  and  their  distances  in  semidiameters 
of  the  ring,  as  determined  by  Mr.  Poijnd,  by  a  micrometer  -fitted  to  the  telescope 
given  by  Huygens  tx)  the  Royal  Society.  Mr.  Pound  first  measured  the  dis- 
tance of  the  fourth,  and  then  deduced  the  rest  from  the  proportion  between  the 
squares  of  the  periodic  times  and  cubes  of  their  distances,  and  these  are  found 
to  agree  with  observations. 


Satel- 
lites. 

Periodic  Time* 
by  Pound. 

Biit.  m  semid. 

of  Rbig  bj 

Pound. 

Di>t.  in  seand. 

of:  Saturn  hj 

Pound. 

Ditt.  ID  mmii. 

<£  Ring  ^y 

Cassuii. 

Di»t.  at  the 
mean  diaL 
of  Saturn. 

I 
II 

l"^.  21*.  18'.  27' 

2,097 

4,893 

m 

0'.  43',5 

2.    17.   41.  22 

2,686 

6,286 

H 

0.  56 

III 

IV 

4.    12.    25.  12 

3,752 

8,754 

H 

1.  18 

15.    22.    41.  12 

8,698 

20,295 

8 

3.    6 

V 

79.      7.   49.    0 

25,848 

59,154 

23 

1 

8.  42,5 

The  last  column  is  from  Cassini  ;  but  Dr.  Herschel  makes  the  distance  of 
the  fifth  to  be  8'.  31  ",97,  which  is  probably  more  exact.  In  this  and  the  two 
next  Tables,  the  satellites  are  numbered  from  Saturn  as  they  were  before  the 
Recovery  of  the  other  two. 

On  June  9,  1749,  at  lOA.  Mr.  Pound  found  the  distance  of  the  fourth  satel- 
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ON  Saturn's  satellites. 


TABLES  OF  THEIR  REVOLUTIONS  AND  MEAN  MOTIONS, 

ACCORDING  TO  M.  DE  LA  LANDE. 


Satel. 

Diurnal  Motion 

Motion  in  365  days 

I 

6'.  10°.  41'.  53" 

4'.     4°.  44'.  42* 

II 

4.    11.    S    2. 6 

4;    10  .15.  19 

III 

2.    19.    41.  25 

9.    16.  57.     5 

IV 

0.    22.    34.  38 

10.    20.    39.  37 

V 

0.      4.     32.  17 

7.       6.  23.  37 

a  k 


Satel. 

Periodic  Revolution 

Synodic  Bevolution 

I 

1*.   21\  18'.  26',222 

1".  21*.  18'.  54%778 

II 

2.    17.    44.  51,177 

2.    17.    45.  51,013 

III 

4.    12.    25.   11,100 

4.    12.    27.  55,239 

IV 
V 

15.  22.    41.  16,022 

15.   23.    15.  28,153 

79.     7.    53.  42,772 

79.  22.      3.    12,883 

477.  M.  Cassini  observed  that  the  fiflh  satellite  disappeared  regularly  for 
about  half  its  revolution,  when  it  was  to  the  east  of  Saturn  ;  from  which  he  con- 
cluded, that  it  revolved  about  its  axis ;  he  afterwards  however  doubted  of 
this.  But  Sir  I.  Newton  in  his  PrincipUi,  Lib.  III.  Prop.  17,  concludes  from 
hence,  that  it  revolves  about  its  axis,  and  in  the  same  time  that  it  revolves 
about  Saturn;  and  that  the  variable  appearance  arises  from  some  parts  of  the 
satellite  not  reflecting  so  much  light  as  others.  Dr.  Herschel  has  confirmed 
this,  by  tracing  regularly  the  periodical  change  of  light  through  more  than  10 
revolutions,  and  finding  it,  in  all  appearances,  to  be  cotemporary  with  the  re- 
turn of  the  satellite  to  the  same  situation  in  its  orbit  This  is  further  confirmed 
by  some  obsei'vations  of  M.  Bernard  at  Marseilles  in  1787 ;  and  is  a  remark- 
able instance  of  analogy  among  the  secondary  planets. 


ON  HATURK^S  SATELLITES*  379 

478.  These  are  all  the  satellites  which  were  known  to  revolve  about  Saturn 
till  the  year  1789,  when  Dr.  Herschel,  in  a  Paper  in  the  Phil  Ti-ans.  for  that 
year,  announced  the  dispQvery  of  a  sixth  satellite,  interior  to  all  the  others,  and 
promised  a  further  account  in  another  paper.  But  in  tlie  intermediate 
time  he  discovered  a  seventh  satellite,  interior  to  the  sixth ;  and  in  a  Paper  upon 
Saturn  and  its  ring,  in  the  Phil^  Tynans.  1790,  he  has  given  an  account  of  the 
discovery,  with  some  of  the  elements  of  their  motions.  He  afterwards  added 
Tables  of  their  motions. 

479.  After  his  observations  upon  the  ring,  he  says,  he. cannot  quit  the  sub- 
ject without  mentioning  his  own  surmises,  and  that  of  several  other  Astrono- 
mers,  of  a  supposed  roughness  of  the  ring,  or  inequality  in  tlie  planes  and 
inclinations  of  its  flat  sides.  This  supposition  arose,  from  seeing  luminous 
points  on  its  boundaries  projecting  like  the  moon's  mountains  ;  or  from  seeing 
one  arm  brighter  or  longer  than  another ;  or  even  from  seeing  one  arm  when 
the  other  was  invisible.  Dr.  Herschel  was  of  this  opinion,  when  he  saw  one  of 
these  points  move  off  the  edge  of  the  ring  in  the  form  of  a  satellite.  With  his 
20  feet  telescope  he  suspected  that  he  saw  a  sixth  satellite  ;  and  on  August  19, 
1787,  marked  it  down  as  probably  being  one ;  and  having  finished  his  telescope 
of  forty  feet  focal  length,  he  saw  six  of  its  satellites  the  moment  he  directed  his 
telescope  to  the  planet.  This  happened  on  August  28,  1789.  The  retrograde 
motion  of  Saturn  was  then  nearly  4'.  30''  in  a  day,  which  made  it  very  easy  to 
ascertain,  whether  the  stars  he  took  to  be  satellites  were  really  «o,  and  in  about 
two  hours  and  an  half  after,  he  found  that  the  planet  had  visibly  carried  them 
all  away  from  their  places.  He  continued  his  observations,  and  on  September 
17,  he  discovered  the  seventh  satellite.  These  two  satellites  lie  within  the  orbits 
of  the  other  five.  Their  distances  from  the  center  of  Saturn  are  36^,7889,  and 
^8",6689 ;  and  their  periodic  times  are  Irf.  8//.  53'.  8",9  and  22A.  37'.  22^,9. 
The  orbits  of  these  satellites  lie  so  near  to  the  plane  of  tha  ring,,  that  the  differ- 
ence cannot  be  perceived. 

480.  As  soon  as  he  had  made  observations  sufficient  to-  construct  Tables  of 
their  mean  motions,  he  calculated  their  places  backwards,  and  found  that  his 
suspicions  of  the  existence  of  these  satellites,  in  the  shape  of  protuberant  points 
on  the  arms  of  the  ring,  were  confirmed,  and  this  served  to  correct  the  Tables. 
He  has  also  constructed  Tables  of  the  motions  of  the  other  five  satellites ;  the 
epochs  he  deduced  from  his  own  observations,  which  differ  considerably  from 
those  given  by  M.  de  la  Lande,  in  the  Connoissance  des  Tevips^  for  1791 ;  but 
he  assumed  the  mean  motions  the  same  as  there  given.  The  following  Tables 
of  the  epochs  and  mean  motions  are  given  by  Dr.  Herschel  in  the  PhiL  Trans^ 
for  1790.    The  satellites  are  here  numbered  in  their  order  from  Saturn. 
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TABLES  OF  SATURN's  SATSLLiTES. 


EPOCHS  OF  THE  MEAN  LONGITUDES  OF 

SATURN'S  SATELLITES. 


•     • 


Years. 


1787 
1788 
1789 
1790 
1791 


VII. 


VI. 


<^  ■ 


Deg.  dec. 


335,91 
196»84 
53,23 
269,63 
126,02 


Deg.  dec. 


149,16 

132,41 

93,09 

53,77 
14,45 


V. 


IV. 


Deg.  dec.  Deg.  dec. 


87,21 

93,86 

20,82 

307,78 

234,74 


272,18 
173,95 
304,19 
74,43 
204,68 


III. 


Dig.  dec. 


176,46 


IL 


L 


Deg.  dec 


269,31 


131,91  307,48 


256,66 

21,41 

146,16 


83,98 
218,86 
353,81 


Dieg.  dec. 


807,07 
65,02 

856,98 
852,97 


THE  MOTION  OF  THE  SATELLITES  ABOUT  SATURN  IN 

MONTHS. 


•      #      • 

VII. 

VI. 

V. 

IV. 

IIL 

IL 

I. 

Montlis. 

Deg.  dec. 

Deg.  dec. 

Deg.  dec. 

Dt'g.  dec. 

De^.  dec. 

Deg.  dec. 

Deg.  dec 

January 

February 

March 

000,00 
140,68 
267,75 

000,00 
339,89 
252,05 

000,00 

310,40 

21,73 

000,00 
117,58 
200,56 

000,00 

151,64 

91,18 

000,00 

224,54 

20,91 

000/X) 
320,81 
215,78 

April 

May 

June 

48,43 

1 84,57 
325,25 

231,95 
1 89,26 
169,16 

332,13 
202,84 
153,24 

318,14 
304,19 

61,77 

242,81 
203,75 
355,39 

245,45 

207,27 
71,81 

176,54 

115,39 

76,20 

July 

August 

September 

101,39 

242,07 
22,75 

126,47 

106,37 

86,26 

23,94 
334,34 
284,74 

47,8  2 
1 65,40 
282,98 

316,33 
107,96 
259,60 

33,63 
258,17 
122,72 

15,05 
335,86 
296,67 

October 

November 

December 

158,89 

299,57 

75,71 

43,58 

23,47 

340,78 

155,45 
105,85 
336,56 

269,03 
26,61 
12,66 

220,54 

12,17 
333,1 1 

84,54 
309,08 
270,90 

235,52 
196,33 
135,17 

In  the  months  January  and  February  of  a  bissextile  year,  subtract  1 
the  number  of  days  given. 
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Tilt:  MOTION  OF  ^SATURN'S  SATELLITES  IN  DA  YS, 


> 

1 

VII. 

VL 

V.  • 

IV. 

• 

III. 

IL  ' 

.  '    1 

I. 

Deg.  dec. 

Deg.  dec. 

Deg.  dec 

Deg.  dec. 

Deg.  dec. 

Deg.  dec. 

D^.  dec. 

4,54 

•  22,58: 

79,69 

131,53 

190i70^ 

262,73  ■ 

21,96 

2 

9,08 

45,15 

159j88 

263,07 

21^40- 

165^45 

43^2 

3- 

13,61 

67,73 

239,07 

34,60 

212,09 

68,rt« . 

65,88 

4 

18,15 

90,31 

318,76 

166,14 

42,79 

830i91 

87,85 

5- 

22,69 

,112,89 

38,45 

297,67 

233,49 

233,64 

109,81 

6 

27,23 

!  35,46 

118,14 

6&,21 

64,19 

136,36 

131-77 

7 

31,77 

1 58,04 

197,83 

200,74 

254,89 

39,09 

153,73 

ff 

36,30 

1 80,62 

277,52 

332,28 

85,58 

301 ,82 

175,69 

9.. 

40-,64- 

203,19 

»57,21 

103,81 

276,28 

204^55 

197,65 

10 

45,98 

223,77 

'  76,9* 

235,35 

106,98 

• 

107,27 

219,62 

llr 

49,92 

248,35 

156,59 

6,88 

297,68 

10,00 

241,58 

12' 

54,46 

270,93 

236,28 

138,42 

128,38 

272,73 

263,54 

1»- 

58,99 

293,50 

315,97 

269,95 

319,07 

175,45 

285,50 

14 

63,53 

316,08 

35,66 

41,4^ 

149,77 

•  78,18 

307,46 

15 
Iff 

68,07 

338,66 

•               •  ■                        « 

1 15,85 

173,02 

340,47* 

t                   '   • 

340,9.1 

.   1   .  .■ 

329,42 

72,61 

1,24 

195,04 

304,56 

171,17 

243,64- 

351,89 

17 

77,15 

28,81 

274,74 

76,09 

1,87 

146,36 

13,35 

18 

81,69 

46,89 

354,43 

207,63 

192,56 

49,09 

35,a-l 

19 

86,22 

68,97 

74,12 

339,16 

23,26 

311,82 

57iiJ7 

20 

90,76 

91,54 

153,81 

110,70 

213,«6 

214,54 

79,23 

21 

95,30 

114,12 

238,50 

242,23 

44,66 

117,27 

101,19 

22 

99,84 

136,70 

81Sjl9 

13,77 

235,35 

20,00 

123,16 

28 

104,38 

159,28 

32,88 

145,30 

66,0*5 

282,73 

145,12 

24 

108,91 

181,85 

112,57 

276,84 

256,75: 

1 85,45 

167,08 

25' 
26 

1 1 3,45 

204,43 

192,26 

48,3?- 

87,45 

88,18 

189,04 

117,99 

227,01 

271,95 

179,91 

278,15 

350,91 

211,00 

27 

122,53 

249,58 

351,64 

311,44 

108,84 

253,64 

232,96 

28 

127,07 

272,16 

71,33 

82,98 

299,54 

156,36 

254,92 

29 

131,60 

294,74 

151,02 

214,51 

1 30,24 

59,09 

276,89 

SO 
31 

136,14 

317,32 

230,7 1 

346,05 

320,94 

321,82 

298,85 

140,68 

339,89 

310,40 

117,58 

151,64 

224,54 

320,81 

VOL,    I. 
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TABLES  OF  SATURn's  SATELLITES. 


THE  MOTION  OF  SATURN'S  SATELLITES  IN  HOURS. 


o 

c 

CO 

1 

vn. 

VL 

V. 

IV. 

IIL 

n. 

I. 

Deg.  dec. 

Deg.  dec. 

Deg.  dec. 

Deg.  dec. 

Deg.  dec. 

Deg.  dec. 

Deg.  dec; 

0,19 

0,94 

3,32 

5,48 

7,95 

10,95 

15,92 

2 

0,38 

1,88 

6,64 

10,96 

15,89 

21,89 

31,83 

3 

0,57 

2,82 

9,96 

16,44 

23,84 

32,84 

47,75 

4 
5 

0,76 

3,76 

13,28 

21,92 

31,78 

43,79 

63,66 

0,95 

4,70 

16,60 

27,40 

39,73 

54,73 

79,58 

6 

1,13 

5,64 

19,92 

32,88 

47,67 

65,68 

95,49 

7 

1,32 

6,58 

23,24 

38,36 

55,62 

76,63 

111,41 

8 

1,51 

7,53 

26,56 

43,84 

63,57 

87,58 

127,32 

9 

1,70 

8,47 

29,88 

49,33 

71,51 

98,52 

143,24 

10 

1,89 

9,41 

33,20 

54,81 

79,46 

109,47 

159,15 

11 

2,08 

10,35 

36,52 

60,29 

87,40 

120,42 

175,07 

12 
13 

2,27 

11,29 

39,84 

65,77 

95,35 

.   * 

131,36 

190,98 

2,46 

12,23 

43,17 

71,25 

103,29 

142,31 

206,90 

14 

2,65 

13,17 

46,49 

76,73 

111,24 

153,26 

222,81 

15 

2,84 

14,11 

49,81 

82,21 

119,19 

1 64,20 

238,73 

16 
17 

3,03 

15,05 

53,13 

87,69 

127,13 

175,15 

254,64 

3,21 

15,99 

56,45 

93,17 

135,08;  186, 10 

270,56 

18 

3,40 

16,93 

59,77 

98,65 

143,02,197,05 

286,47 

19 

3,59 

17,87 

63,09 

104,13 

150,97  207,99 

302,39 

20 
21 

3,78 

18,81 

66,41 

109,61 

158,91  218,94 

318,30 

3,97 

19,75 

69,73 

1 1 5,09 

166,86  229,89 

334,22 

22 

4,16 

20,70 

73,05 

120,57 

174,81  240,83 

350,13 

23 

4,35 

21,64 

76,37 

126,05 

182,75  251,78 

6,05 

24 

4,54 

22,58 

79,69 

131,53 

190,70  262,73 

21,96 

TABLES  OF  SATURN  S  SATELLITES. 


THE  MOTION  OF  SATURN'S  SATELLITES  IN  MINUTES. 


PJ 

V. 

VII. 

VL 

V. 

IV. 

III. 

II. 

I. 

I)eg.  dec. 

Deg.  dec. 

Deg.  dec. 

Deg.  dec. 

Deg.  dec. 

Deg.  dec. 

Deg.  dec. 

1 

0,00 

0,02 

O,06 

.0,09 

0,13 

0,18 

0,27 

2 

0,01 

0,03 

0,11 

0,18 

0,26 

0,36 

0,53 

8 

0,01 

0,05 

0,17 

0,27 

0,40 

0,55 

0,80 

4 

0,01 

0,06 

0,22 

0,37 

0,53 

0,73 

1,06 

5 
6 

0,02 

0,08 

0,28 

0,46 

0,66 

0,91 

1,33 

0,02 

0,09 

0,33 

0,55 

0,79 

1,09 

1,59 

7 

0,02 

o,ii 

0,39 

0,64 

0,93 

1,28 

1,86 

8 

0,03 

0,13 

0,44 

0,73 

1,06 

1,46 

2,12 

9 

0,03 

0,14 

0,50 

0,82 

1,19 

1,64 

2,39 

10 

0,03 

0,16 

0,55 

0,91 

1,32 

1,82 

2,65 

11 

0,04 

o,l7 

0,61 

1,00 

1,46 

2,01 

2,92 

12 

0,04 

0,19 

0,66 

1,10 

1,59 

2,19 

3,18 

13 

0,04 

0,20 

0,72 

1,19 

1,72 

2,37 

3,45 

14 

0,05 

0,22 

0,77 

1,28 

1,85 

2,55 

3,71 

15 

0,05 

0,24 

0,83 

1,37 

1,99 

2,74 

3,98 

16 

0,05 

0,25 

0,89 

1,46 

2,12 

2,92 

4,24 

17 

0,06 

0,27 

0,94 

1,55 

2,25 

3,10 

4,51 

18 

0,06 

0,28 

1,00 

1,64 

2,38 

3,28 

4,78 

19 

0,06 

0,30 

1,05 

1,73 

2,52 

3,47 

5,04 

20 

0,07 

0,31 

1,11 

1,83 

2,65 

3,65 

5,31 

21 

0,07 

0,33 

1,16 

1,92 

2,78 

3,83 

5,57 

22 

0,07 

0,34 

1,22 

2,01 

2,91 

4,01 

5,84 

23 

0,08 

0,36 

1,27 

2,10 

3,05 

4,20 

6,10 

24 

0,08 

0,38 

1,33 

2,19 

3,18 

4,38 

6,37 

25 

0,08 

0,39 

1,38 

2,28 

3,31 

4,56 

6,63 

26 

0,09 

0,41 

1,44 

2,87 

3,44 

4,74 

6,90 

27 

0,09 

0,42 

1,49 

2,47 

3,57 

4,93 

7,16 

28 

0,09 

0,44 

1,55 

2,56 

3,71 

5,11 

7,43 

29 

0,10 

0,45 

1,60 

2,65. 

3,84 

5,29 

7,69 

SO 

1 

0,10 

0,47 

1,66 

2,74 

3,97 

5,47 

7,96 

284 


TABLES   OF   8ATURN*8  SATELLITES. 


THE  MOTION  OF  SATURN'S  SATELLITES  IN  MINUTES. 


ni 

V. 

31 

VIL 

VL 

V. 

IV. 

m. 

IL 

I. 

Deg.  dec. 

Dcg.  dec 

Deg.  dec. 

Dcg.  dec. 

Deg.  dec. 

Dcg.  dec. 

Dcg.  dec 

0,10 

0,49 

1,72 

2,83 

4,10 

5,66 

.8,22 

32 

0,11 

0,50 

1,77 

2,92 

4,24 

5,84 

8,49 

33 

0,11 

0,52 

.1,83 

3,01 

4,87 

6,02 

8,75 

34 

0,11 

0,53. 

,1,88 

3,10 

,4,50 

6,20 

9,02 

35 
36 

0,12. 

0,55 

1,94 

3,20 

4,63 

6,39 

9,29 

0,12 

0,56 

1,99 

3^29 

4^77 

6,57 

9,55 

37 

0,12 

0,58 

2,05 

3,38 

4,90 

6,75 

9,82 

38 

0,13 

0,60 

2,10 

3,47 

5,03 

6,93 

10,08 

39 

.0,13. 

0,61 

2,16 

3,56 

5^16 

7,12 

10,35 

40 

i.0,13 

0,63 

2,21 

3,65 

5,30 

7,30 

10,61 

41 

.0>14 

0,64 

2,27 

3,74 

5,43 

7,48 

10,88 

42 

0,14 

0,66 

2,32 

3,83 

5,56 

7,66 

11, L4 

43 

0,14 

0,67 

2,38 

3,93 

5,69. 

7,85-. 

11,41 

44. 

0,15 

0,69 

2,43 

4,02 

.o^oo  *' 

8,03 

11,67 

45, 

46 

1 0,1 5 

0,71 

2,49 

4,11 

5,96 

8,21 

11,94 

0,15 

0,72 

2,55 

4,20 

6,09 

8,39 

12,20 

47 

0,16 

0,74 

2,60 

4,29 

6,22 

8,58 . 

12,47 

48 

0,16. 

0,75. 

2,66 

4,38 

6,36 

;8,76  > 

12,73 

49 

0,16. 

0,7.7 

2,71 

4,47 

6,49. 

8,94 

13,00 

50 

51 

0,17 

0,73 

2,77 

•4,57 

6,62 

9,12 

13,5W 

0,17 

0,80 

2,82 

4,66 

6,75 

9,30 

13,53 

52 

0,17 

0,82 

2,88. 

4,75 

6,88 

9,49 

13,80 

53 

0,17 

0,83. 

2,93. 

.4,84 

7,02 

9,67 

14,06 

54 

0,18 

0,85. 

2,99 

i4,93 

7,15 

9,85 

14,33 

55 

0,18 

0,86 

3,04 

5,02 

7,28 

10,03 

14,59 

56 

0,18 

0,88 

3,10 

5,11 

;7,41 

10,22 

14,86' 

57 

0,19 

0,89 

3,15 

5,20 

7,55 

10,40 

15,12 

58 

0,19 

0,91 

3,21 

5,30 

7,68 

10,58 

15,39 

59 

0,19 

0,93 

3,27 

5,39 

7,81 

10,76 

15,65 

60 

0,20 

0,94 

3,32 

5,48 

7,94 

10,95 

15,92 

For  the  motion  in  Seconds,  for  Deg.  dec.  read  Min.  dec. 


.oy  Saturn's  satellitbb. 

• 

*  On  these  Tables,  Dr.  Herschel  makes  the  following  observations,  "  I  have 
not  attempted  to  extend  them -^rther  than  a  few  years  backwards  or  forwards^ 
as  I  am  not  in  posses3ion  of  any  observations  that  cpuld  autliorize  me  to  under* 
take  such  a  work.  ..On  the  contrary,  I  %m  well  gqi^vinced,  that  po- Tables  .will 
give  us  tlie  situation  of  the  satellites  accurately,  .till  we  have  at  least  established 
the  dimensions  of  their  elUptical  orbitS9^|ind  tlie  motion  as  well  as  the  situation 
of  their  aphelia.  The  epochs  for  .J  789,  ::.therGfore,  jnust  be  looked  upon 
not  as  mean  ones,  but  such  as  respect  the  orbits  of  these  satelUtes  in  their 
situation  during  the  time  of  the  ;  following  pbserA'ations ;  and  the  two  pre- 
ceding, $md  two  following  years,  must  be  already  a  little  affected  with  tliose 
errors  which  are  the  necessary  consequence  of  our  not  knowing  the  requir^gd 
elements,*  ^ 


i8S 


Dr.  Maskelxne's  Method  of  investigating  the  Con/iguratidn  qf  the  Satellites^  is 

T  ■  . 

as  follows : 

•J 

481.  Let  T  be  the  ^arth,  P  the  primary  planet,  »  P  O  the  line  of  the  nodes 
of  the  satellite,  ^S^wiXs  orbit,  the  plane  of  the  paper  representing  the  plane 
of  the  ecliptic,  and  therefore  here  may  be  taken  for  that  of  the  orbit  of  the  pla- 
net ;  and  on  this  plane,  describe  tho-circle  n  HD  S3  A  with  the  center  P;  produce 
TP  to  H  called  the  apogee  point,  draw  ^U  perpendicular  to  the  satellites* 
orbit,  and  U  is  the  apogee  point  in  jth^t^rbit.     Assume  the  point  S  the  placQ 


•K 


of  the  satellite,  and  take  l/^::;  90%  join  HS^  draw  8D  perpendicular  to  If  a 


a 


286  ON  Saturn's  satellites. 

and  SRy  xZy  peipendicular  to  the  ecliptic  ;  also  RN^  a^o^  zo^  perpendicular  to 
©  P,  and  RK  to  HP.    Then  1  (rad.)  :  cos.  Sg^Dw  tan.  S  q  :  tan.  «  Z),  and 
HDziH&  —  » D  ;  also,  cos.  a D  :  cos.  HZ) ::  cos.  S&  :  cos.  SH,  whose  sine 
is  the  apparent  distance  of  the  satellite  at  *S'  from  the  primary  ;  and  sin.  HD  : 
sin.  sx  J5::tan.  S  £^  H  (incMn.  of  orbit)  :  tan.  SH^i  the  inclination  of  the  dis- 
tance  of  the  satellite  from  the  primary  to  a  parallel  to  the  ecHptic.     Now  SK 
the  sine  of  SH  rises  above  or  falls  below  the  plane  of  tlie  ecliptic,  as   ft  *S'  is 
less  or  greater  than  1 80° ;  and  it  will  appear  east  or  west  as  HPR  is  less  or 
greater  than  180^     Also,  1  :  cos.  H^  ?7::tan.  H9>  :  tan.   Ua   the  distance 
of  the  apogee  point  of  the  satellite's  orbit  from  ft,  and  1  :  sin.  //p  Z7::sin. 
jfiTft  :  sin.  HUthe  elevation  (JS)  of  the  eye  above  the  plane  of  the  satellite's 
orbit,  or  the  minor  axis  of  the  satellite's  orbit  on  the  ca»lestial  sphere.     Now 
Table  I.  col.  Red.  serves  to  find  the  apogee  point,  and  col.  Lat.  to  find  the 
inclination  of  the  visual  ray  from  /  to  the. planet  in  respect  to  the  plane  of 
the  Ring  of  Saturn,  or  orbit  of  the  satellites,  the  sine  of  which  measures  the 
minor  axis,  the  major  being  unity.      The  first  of  the  two  col.  Lat.  serves 
also  to  find  the  inclination  of  the  line  of  the  ansse  of  the  Ring  to  the  ecliptic. 
Let  ADSB  represent  the  satellite's  orbit  on  the  coelestial  sphere,  S  the  sa- 
tellite, APy  PD  the  semi-major  and  minor  axes,  then  SK  (perpendicular 


to  PD)  =  the  apparent  distance  of  the  satellite  from  the  primary  in  a  line 
parallel  to  ABj  SI  its  distimce  north  of  the  primary  in  a  line  perpendicular 
to  the  major  axis.  Now  *S'iL=:Hn  =  ^P  xsin.  FPHzn  AP  x  sin.  SU  (first 
fig.)=:^P  X  sin.  dist.  sat.  in  orbit  from  apog.  point  =  ^P  x  sin.  (long.  ^  in  its 

orbit  — long.  ap.  point)  =  ^P  x  siii.  (long,  i?  —long,  b  -fred.);  also,  SIznAP 
X  sin.  E  X  COS.  HFz=.  AP  x  sin.  HUx  cos.  SU  (first  fig.)=:^P  x  sin.  7 (inc.  of 
Sat.  orb.)  x  sin.  ft  H  {N)  x  cos.  SU  (A)  =  AP  x  sin.  7  x  ^  sin.  N  +  A  -]-  ^  sin. 
N  —  Ay  whence  N±A:=ilong.  i?  —long.  sat.  node  on  its  orbit ± (long,  sat.- 
long.  apog.),  and  these  arguments  cofirespond  to  those  in  Table  III.  Take  Ux 
(first  fig.)  =  90'' eastward  of  C/,  then  a:P;r  =  incHn.  of  the  transverse  axis  to 
the  ecliptic,  and  cTo^  the  inclination  of  the  orbit;  also,  sin.  j;Pz  :  sin.  a:oz::xo 
:  Pj'-.'.sin.  xPo  (KPft  +90°)  or  cos.  UP  &  :  1  ;  but  sin.  UH :  sin.   inclin. 
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sat  orb. : :  sin.  Hq  :  1^  and  the  inclination  of  the  eye  above  the  plane  of  the 
sat.  orb.  in  Table  I.  is  hence  constructed.  Therefore,  J?P;s=lat.  taken  from 
Table  I.  with  arg.  UP  &  +  90*" ;  and  the  eastward  of  the  transverse  axis  will 
rise  above  or  fall  below  the  plane  of  the  ecliptic,  as  the  said  arg.  is  less  or  greater 
than  six  signs. 


-i-Lrii 


"-"""/>    ."^utLlUlCS. 


-  "  ::  :-".e  Satellite's  orbit. 


.*-.'.«.;  -. 


.:-.  »v  -  .:3  Signs. 


>  - 
.  -  ■    •■»■-.■ 


VIII.  Sou//,,  I  S.I 


•  JC 


::.:::.  IV.V.VI. 


M. 


-r 


■J'?.    1 2 


.  * 


I   -    I 


Satellite 
VII. 


Red.         Lat. 


■| 

D.     M.    :  D.     M 


^dP 


1 


D.  M 


3.  41      12.   57  0.  o'JSO 


3.  37  13.  5  .^  51129 

3.  33  13.  13  0  5028 

3.  28  '13.  20  0  4927 

3.  23  13.  27  0.4726 

3.   IS  13.  31  0.  4625 


3.  12  13.  41.0.4524 
3.  7  13.  47.'0.44  2:i 
3.     1     13.  53 '0. 42  22 


2    -yo     13.  59:0. 41 
2.  4S     14.     4i0.39 


2.  -11 

2.  ::i- 

2    hi 


21 
20I 


4  14.  32;0. 2S 

."')  11-.  3f>!0.27 

;•;  \l'.  40  0.25 

.    '  I^.  43  0.23 

:^U  Ik  4(J:0. 21 


1. 
1. 

! 


.) 


13 


Iti 


14.  10-0.3719 
:4.  15  0.3)iisl 
M-.  L0;0.3ri7{ 
1 1.  24  0.  32  \6\ 

14.  2Si).  30  151 

14 

13 

la 
11 

I 

~i 
S 

Im 
I 

G 

O 


,  i  I'.  49  ;o.  1 9 

,14.  31  jo.  17 

;  1 1'.  33  [0.  ]  5 

!l4.  55,0.13 

'14.  5fj  0.  n 


:\ 


0.  :.7 

•  '.  W) 

V.  K) 

'1.  0 


I 

-r 


M-. 

II. 

1\: 


0.    9   4 

0. 


I 


yj  lO.  4!  L' 


1 

...    .    ., 
).    2    ] 

1...      0 

0.    0|  C 

1 
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TABLE    II. 


The  apparent  Distances  of  Saturn's  first,  second,  third,  fourth,  fifth  and  sixtli  Satellites  from  Its  Center, 
in  lines  parallel  to  the  line  of  the  Ansa:  oftlie  Ring;  and  of  the  seventh  Satellite  in  tines  parallel  to 
the  longer  axis  of  its  apparent  orbit,  in  scniidianieters  of  the  Ming,  and  hundredths  oftlie  same. 


Argument. — The  Distance  of  the  Satellite  from  the  Apogee. 

0.  Emi.                      VI.  ;r„/.  II  J.  Ea.i.                     VII.  /f«/. 

II.  Eatt.                          VIII.  ftr^i.     S 

Distance  of  Uic  SateJlites. 

Distance  of  the  Satellitei. 

Distance  oftlie  Satellites. 

3  I. 

II. 

III. 

IV. 

V. 

vr 

VII.   1    1 

11. 

m. 

IV. 

V. 

VI. 

VII. 

I. 

II.  jiii. 

VI. 

V. 

VI. 

VII. 

,..>0 

-,.,„„ 

....i, 

..-„.,. 

.cnuj.  ]  .«'ui>l 

...Nd 

.,,Mi, 

.,   id 

...Id 

,m., 

...i.|. 

.,,.1, 

.,n,i 

...di 

.-dJd 

3,00 

0,00 

0,00 
0.0  J 

0,00 

0,00 

0,00 

0,0.     0,72 

li,93 

1.05 

1.34 

1.87 

4,35 

12,07 

1.24 

1,59 

1,82 

2,33 

3,25 

7,53 

21,95  30 

).02 

0,03 

0,0.^ 

0,0fi 

0.1,5 

0,ti  ,0,7+ 

0S6 

1,08 

1,38 

1,93 

4.48 

1.1.05 

1,25 

1,01 

1,84 

2,16 

3,28 

r,oi 

22  1 7  29 

W>5 

3,0ti  b,07 

0,0» 

),I3 

),30 

O.SS     3,76 

0,98 

1,11 

1,12,1,99 

4.61 

13.42 

1,2011,02 

1,85 

2,38 

3,31 

7.08 

22,38  28 

a,I0!0,ll;O,]4 

J,20 

),in 

1,32   .0,78 

1.01 

1,14 

1,46 

2,05 

1.74 

1.1.;  9 

1,27  1,64 

1,8; 

2,4<) 

3,34 

7.75 

22,58  27 

jo^io 

a,l.'i  10,14 '0,19 

),'flj 

t,60 

1,76     ',80 

1.03 

1.17 

1,50 

2.10 

4,86 

14,16 

1,28  1,65 

1,89 

2,42 
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TABLES  OF  SATURN'S  SATELLITES. 


TABLE  in. 

The  apparent  Distances  of  Saturn's  first,  second,  third,  fourth,  fifth  and  sixth  Satellites  ^om  the 
•  line  {iftlie  Atisw  of  the  Ring  ;  and  of  the  seventh  Satellite  from  the  longer  a^is  of  its  appa- 
rent  orbit,  in  semidiametem  of  the  Ring,  and  hundredths   of  the  same. 
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The  Use  qf  the  three  Jbregoing  Tables  for  ^nding  the  apparent  Positions  qfS^- 
turn's  Satellites  at  any  Tme^  with  respect  to  Saturn  and  the  Line  of  tlie  Ansce  of" 
the  Ring. 

482.  From  Saturn's  geocentric  longitude,  tak&ti  out  of  the  Nautical  Alma- 
nac, subtract  the  place  of  the  satellite's  ascending  node  (at  present  5\  20^.  54' 
for  all  but  the  seventh^  and  for  that  5'.  6^  4'),  and  there  will  remain  the  argu- 
ment of  latitude ;  with  which  take  the  reduction  out  of  Table  I,  and  subtract 
it  from  the  argument  of  latitu<le  in  the  first  or  third  quadrant,  but  add  it  to  the 
same  in  the  second  or  fourth  quadrant ;  that  is,  according  to  the  sign  put  at  the 
top  or  bottom  of  the  Table  in  the  column  of  reduction,  and  you  will  have  the 
distance  of  the  apogee*  point  of  the  sateUite's  orbit  from  the  node.  Apply  the 
reduction  also,  and  with  the  same  sign  as  before,  to  Saturn's  geocentric  longi- 
tude, and  you  will  have  th«  longitude  of  the  apogee  point  on  tlie  satellite's  orbit. 
Subtract  the  longitude  of  the  apogee  thus  found  from  the  satellite's  longitude^ 
and  there  will  remain  the  distance  of  the  satellite  from  the  apogee ;  with  which 
in  Table  tl.  find  the  apparent  distances  of  the  satellites  from  Saturn's  center, 
measured  in  lines  parallel  to  the  longer  axis  of  the  ring;  except  of  the  seventh 
satellite,  which  will  be  measured  in  lines  parallel  to  the  longer  axis  of  its  ap- 
parent  elliptical  orbit;  and  if  the  argument  be  under  six  signs,  the  satellite  will 
be  east  of  Saturn's  center ;  but  if  the  argument  be  greater  than  six  signs,  the 
satellite  will  be  west  of  Saturn's  center;  as  is  marked  by  the  side  of  tlie  signs 
of  the  argument  in  the  Table. 

Add  and  subtract  the  distance  of  the  satellite  from  the  apogee  to  and  from  the 
argument  of  latitude,  and  you  will  have  two  arguments,  with  which  enter  Table 
III.  separately,  and  take  out  the  correspondent  latitudes,  with  their  proper 
titles  north  or  south,  standing  by  the  signs  of  the  arguments;  of  which,  if 
both  of  the  same  kind,  the  sum  with  the  common  title ;  but  if  of  different  kinds, 
tlie  difference  with  the  title  of  the  greater,  will  be  tlie  latitude  of  the  satellite, 
4is  seen  from  the  earth,  measured  by  its  apparent  distance  from  the  line  of  the 
ansas  of  the  ring ;  except  in  the  seventh  satellite,  which  is  measured  by  its  dis- 
tance from  the  longer  axis  of  its  apparent  ellipses,  in  semidiamcters  of  the  ring, 
^nd  hundredths  of  the  same. 

Add  three  signs  to  the  distance  of  the  apogee  from  the  node,  with  which 
take  out  the  latitude  from  Table  I.  with  its  proper  title,  north  or  south,  adjoin- 

♦  The  satellite  will  be  in  apogee,  when  its  longitude  in  its  orbit,  is  equal  to  Saturn's  longitude,  cor- 
rected by  reduction  by  Table  I ;  and  it  is  in  its  perigee,  when  its  lonjjilude  in  its  orbit  is  opposite  to 
Saturn's  longitude  corrected  by  reduction  ;  and  it  is  at  its  greatest  elongation,  when  its  longitude  is 
DO®  from  the  longitudes  of  the  apogee  or  perigee,  2 
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ing  to  the  sign  of  the  argument,  which  will  be  the  apparent  inclination  of  the  line 
of  the  ansae  of  Saturn's  ring,  or  of  the  longer  axis  of  the  seventli  satellite's  orbit, 
to  Saturn's  orbit;  and  the  line  of  the  ansae,  or  longer  axis  of  the  seventh  satel* 
lite's  orbit,  will  ascend  from  west  to  east  northward  above  Saturn's  apparent 
orbit  in  the  heavens,  or  descend  from  west  to  east  southward  below  it,  .accord- 
ing as  the  title  adjoining  to  the  sign  of  the  argument  in  the  Table  is  north  or 
souths  Change  the  title  of  the  inclination  of  the  line  of  the  ansae  of  the  ring 
to  Saturn's  orbit  to  the  contrary ;  and  if  the  inclination  of  the  line  of  the 
ansae  of  the  ring  with  the  title  thus  changed,  and  the  inclination  of  the  longer 
axis  of  tlie  seventh  satellite's  orbit,  be  of  the  same  kind,  their  sum  with  the 
common  title ;  but  if  of  different  kinds,  their  difference,  with  the  title  of  the 
greater,  will  be  the  inclination  of  the  longer  axis  of  the  seventh  satelUte's  orbit 
to  the  line  of  the  ansae  of  the  ring.  And  the  longer  axis  of  the  seventh  satel- 
lite's orbit  will  ascend  from  west  to  east  northward  above,  or  descend  from  west 
to  east  soulliward  below  tlie  line  of  the  ansae,  according  as  the  resulting  title  h 
north  or  south. 
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On  the  Satellites  of  the  Georgian. 

s 

483.  On  January  11,  1787,  as  Dr.  Herschel  was  observing  the  Georgian^ 
he  perceived,  near  its  disc,  some  very  small  stars,  whose  places  he  noted.  The 
next  evening,  upon  examining  them,  he  found  that  two  of  them  were  missing. 
Suspecting  therefore  that  tliey  might  be  satellites  which  had  disappeared  in  con- 
sequence of  having  changed  their  situation,  he  continued  his  observations,  and 
in  the  coiurse  of  a  month  discovered  them  to  be  satellites,  as  he  had  at  first 
conjectured.     Of  this  discovery  he  gave  an  account  in  the  Fiul.  Trans.  1787. 

484.  In  the  Phil.  Tram.  1 788,  he  published  a  further  account  of  this  disco* 
very,  containing  their  periodic  times,  distances,  and  positions  of  their  orbits, 
so  far  as  he  was  then  able  to  ascertain  them.  The  most  convenient  method  of 
determining  the  periodic  time  of  a  satellite  is  either  from  its  eclipses,  or  from 
taking  its  position  in  several  successive  oppositions  of  the  planet ;  but  no 
eclipses  have  yet  happened  since  the  discovery  of  these  satellites,  and  it  would 
be  waiting  a  long  time  to  put  in  practice  the  other  method.  Dr.  Uerschel 
therefore  took  their  situations  whenever  he  could  ascertain  them  with  some  de- 
gree of  precision,  and  then  reduced  them  by  computation  to  such  situations  as 
were  necessary  for  his  purpose.  In  computing  the  periodic  times,  he  has  taken 
the  synodic  revolution,  as  the  positions  of  their  orbits,  at  the  times  when  their 
situations  were  taken,  were  not  sufficiently  known  to  get  a  very  accurate  side- 
real revolution.  The  mean  of  several  results  gave  the  synodic  revolution  of  the 
first  satellite  8rf.  nh.  l'.  IQ^S,  and  of  the  second  ISd.  11  A.  5\  l\5.  The  re- 
suits,  he  observes,  of  which  these  are  a  mean,  do  not  much  differ  among  them- 
selves, and  therefore  the  mean  is  probably  tolerably  accurate.  The  epochs 
from  which  their  situations  may  at  any  time  be  computed  are,  for  the  first, 
October  19,  1787,  at  I9h.  11'.  28",  and  for  the  second,  at  17//.  22'.  40",  at 
which  times  they  were  76°.  43'  north  following  the  planet. 

485.  The  next  thing  to  be  determined  in  the  elements  of  these  satellites,  was 
their  distances  from  the  planet ;  to  obtain  which,  he  found  one  distance  by  ob- 
servation, and  then  the  other  from  the  periodic  times  (218).  Now  in  attempt- 
ing to  discover  the  distance  of  the  second,  the  orbit  was  seemingly  elliptical.. 
On  March  18,  1787,  at  8A.  2'.  50",  he  found  the  elongation  to  be  46",46,  this 
being  the  greatest  of  all  the  measures  he  had  taken.  Hence  at  the  mean  dis- 
tance of  the  Georgian  from  the  earth,  this  elongation  will  be  44",23.  Admitting 
therefore,  for  the  present,  says  Dr.  Herschel,  that  the  satellite  moves  in  a 
circular  orbit,  we  may  take  44",23  for  the  true  distance  without  much  error  j 
hence,  as  the  squares  of  the  periodic  times  are  as  the  cubes  of  the  distances, 
the  distance  of  the  first  satellite  comes  out  33",09.  The  synodic  revolutions 
were  here  used  instead  of  the  sidereal,  which  will  make  but  a  small  error. 
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486.  Tlie  last  thing  to  be  done  was  to  determine  the  inclination  of  the  orbits^ 
and  places  of  their  nodes.  And  here  a  difficulty  presented  itself  which  could 
not  be  got  over  at  the  time  of  his  first  observation  ;  for  it  could  not  then  be  de- 
termined wiiich  part  of  the  orbit  was  inclined  to  the  earth,  and  which  j^om  it. 
On  tlie  two  different  suppositions  therefore  Dr.  Herschel  has  computed  tlie 
inclinations  of 'the  orbits,  and  the  places  of  the  nodes,  and  found  thein  as  fol- 
lows. The  orbit  of  the  second  satellite  is  inclined  to  the  ecliptic  99°.  43'.  SS^yS^ 
or  81**.  6'.  4",4  ;  its  ascending  node  upon  the  ecliptic  is  in  5\  18%  or  8'.  6®; 
and  when  tlie  planet  comes  to  the  ascending  node  of  this  satellite,  which  will 
happen  about  the  year  1799,  or  1818,  the  northern  half  of  the  orbit  will  be 
turned  to\vards  the  east,  or  west,  at  the  time  of  its  meridian  passage.  M.  de 
Lambue  makes  the  ascending  node  in  5*.  21®,  or  8*.  9°,  from  Dr.  Herschel's 
observations.  Tlie  situation  of  the  orbit  of  the  first  satellite  does  not  materially 
differ  from  that  of  the  second.  The  light  of  tlie  satellites  is  extremely  ^nt ; 
the  second  is  the  brightest,  but  tlie  difference  is  small.  Tlie  satellites  are  pro- 
bably not  less  tlian  those  of  Jupiter.  There  will  be  ecHpses  of  these  sateUitea 
about  the  year  1799,  or  1818,  when  they  will  appear  to  ascend  through  the 
shadow  of  the  planet,  in  a  direction  almost  perpendicular  to  the  ecliptic.  Id 
the  Pliil.  Tf^ans.  for  1798,  Dr.  Herschel  announced  the  discovery  of  four 
other  satellites  of  the  Georgian ;  and  tliat  the  motions  of  all  tlie  satellites  are 
retrograde. 


CHAP.  XXL 

ON  THE  RING  OF  SATURN. 

Art.  487.  CtALILEO  was  the  first  person  who  observed  any  thing  extraordi-* 
nary  in  Saturn.  The  planet  appeared  to  him  like  a  laige  globe  between  two  small 
ones«     In  the  year  1610  he  announced  this  discovery.     He  continued  his  ob* 
servatipns  till  1612,  when  he  was  surprised  to  find  only  the  middle  globe ;  but 
sometime  after  he  again  discovered  the  globes  on  each  side,  which,  in  process 
of  time,  appeared  to  change  their  form ;  sometimes  appearing  rpund,  some- 
times oblong  like  an  acorn,  sometimes  semicircular,  then  with  horns  towards 
the  globe  in  the  middle,  and  growing  by  degrees  so  long  and  wide  as  to  en- 
compass it,  as  it  were  with  an  oval  ring.     Upon  this  Huyoens  set  about  im- 
proving the  art  of  grinding  object  glasses ;  and  made  telescopes  which  magni- 
fied two  or  three  times  more  than  any  which  had  been  before  made,  with 
which  he  discovered  very  clearly  the  ring  of  Saturn ;  and  having  observed  it 
for  some  time,  he  published  the  discovery  in  1 656.     He  made  th^  space  be- 
tween the  globe  and  the  ring  equal  to,  or  rather  bigger  than  the  breadth  of  the 
ring )  and  the  greatest  diameter  of  the  ring  to  that  of  the  globe  as  9  to  4.   But 
Mr«  Pound,  with  a  micrometer  applied  to  Hu ygens's  telescope  of  1 23  feet  long, 
determined  the  ratio  to  be  as  7  to  3.     Mr.  Whiston,  in  his  Memoirs  of  the 
life  of  Dr.  Clark,  relates,  that  the  Doctor's  Father  once  saw  a  fixed  star  be- 
tween the  ring  and  the  body  of  Saturn.    In  the  year  1675,  M.  Cassini  saw  the 
ring,  and  observed  upon  it  a  dark  elliptical  line,  dividing  it  as  it  were  into  two 
rings,  the  inner  of  which  appeared  brighter  than  the  outer.     He  also  observed 
a  dark  belt  upon  the  planet,  parallel  to  the  major  axis  of  the  ring.     Mr.  Had- 
LEY  observed,  that  the  outer  part  of  the  ring  seemed  narrower  tiian  the  inner 
part ;  and  that  the  dark  line  was  fiiinter  towards  its  upper  edge ;  be  also  saw 
two  belts,  and  observed  the  shadow  of  the  ring  upon  Saturn.   In  October  1714, 
when  tlie  plane  of  the  ring  very  nearly  passed  through  the  earth,  and  was  ap- 
proaching to  it,  M.  Maraldi  observed,  that  while  the  arms  were  decreasing 
both  in  length  and  breadth,  tlie  eastern  arm  appeared  a  little  larger  than  the 
other  for  three  or  four  nights,  and  yet  it  vanished  first,  for  after  two  nights  in- 
terruption ^)y  clouds,  he  saw  the  western  arm  alone.     This  inequality  of  the 
ring  made  him  suspect  that  it  was  not  bounded  by  exactly  parallel  planes,  and 
that  it  turned  about  its  axis.     But  the  best  description  of  this  singular  phaeno- 
menon  is  that  given  by  Dr.  Herschel  in  the  Phil.  Trans.  1 790,  who,  by  his 
extraordinary  telescopes,  has  discovered  many  circumstances  whicli  had  escaped 

VOL.  I.  Q  q 
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FIG.      all  other  observers.     We  shall  here  give  the  substance  of  his  account.     Figure 
105.     105,  is  a  view  of  Saturn  and  its  ring,  as  they  appeared  on  June  20,  1778. 

488.  The  black  disc,  or  belt,  upon  the  ring  of  Saturn  is  not  in  the  middle  of 
its  breadth ;  nor  is  the  ring  subdivided  by  many  such  lines,  as  has  been  repre- 
sented by  some  astronomers ;  but  there  is  one*  single,  dark^  considerably  broad 
line,  belt,  or  zone,  as  in  this  Figure,  which  he  has  constantly  found  on  the  north 
side  of  the  ring.  As  this  dark  belt  is  subject  to  no  change  whatever,  it  is  pro- 
bably owing  to  some  permanent  construction  of  the  surface  of  the  ring.  Thk 
construction  cannot  be  owing  to  the  shadow  of  a  chain  of  mountains,  since  it 
is  visible  all  round  on  the  ring ;  for  at  the  ends  of  the  ring  there  could  be  bo 
shade  ;  and  the  same  argument  will  hold  against  any  supposed  caverns.  It  is 
moreover  pretty  evident,  that  this  dark  zone  is  contained  between  two  concen* 
trie  circles,  as  all  the  phsenomena  answer  to  the  projection  c^such  a. zone.  The 
substance  of  the  ring  is  undoubtedly  no  less  solid  than  the  planet  itself;  and  it  is 
observed  to  cast  a  strong  shadow  upon  the  planet.  Tlie  light  of  the  ring  is 
also  generally  brighter  than  that  of  tlie  planet ;  for  the  ring  appeurssufficiently 
bright,  when  the  telescope  affords  scarcely  light  enough  for  Saturn.  Dr.  -Hbbs* 
CHEL  next  takes  notice  of  the  extreme  thinness  of  the  ring.  He  frequeatly 
saw  the  first,  second,  third,  fourth  and  fiflh  satellites  pass  before  and  behind  the 
ring  in  such  a  manner,  that  they  served  as  an  excellent  micrometer  to  measure 
its  thickness  by.  It  may  be  proper  to  mention  a  few  instances,  as  they  sarve 
also  to  solve  some  phaenomena  observed  by  other  Astronomers,- without  haviiig 
been  accounted  ibr  in  any  manner  that  could  be  admitted  consistently  -  with 
other  known  facts.  July  18,  1789,  at  19/t.  41'.  9"  sidereal  time,  the  third  satel- 
lite seemed  to  hang  upon  the  following  arm,  declining  a  littletowards  ikke  nwA, 
and  was  seen  gradually  to  advance  upon  it  towards  the  body  of  jSatom  ;  bat 
the  ring  was  not  so  thick  as  the  lucid  pmnt.  July  23,  at  I9h.  41'.  B'','the  fixtftb 
satellite  was  a  very  little  preceding  the  ring,  but  the  ring  appeared  to  be  less 
than  half  the  thickness  of  the  satellite.  July  27,  at  20A..  15^.  12",  the  fourth 
satellite  was  about  the  middle,  upon  the  following  arm  of  the  ring,  and  towards 
the  south  ;  and  the  second  at  the  faither  end,  towards  the  north ;  but  the  altn 
was  thinner  than  either.  August  29,  at  22*.  12'.  25",  the  fiftii  satellite  was  upon 
the  ring,  near  the  end  of  the  preceding  arm,  and  the  thickness  of  the  arm  seem* 
ed  to  be  about  3^  or  :|:  of  the  diameter  of  the  satellite,  which,  in  the  situatica  it 
then  was,  he  took  to  be  less  than  one  second  in  diameter.  At  the  same  time^tiie 
first  appeared  at  a  little  distance  following  the  fifth,  in  the  shape  of  a  bead  upon 
a  Uiread,  projecting  on  both  sides  of  the  same  arm  j  hence  the  arm  is  thinner 

*  In  a  Paper  in  the  P/iil  Trans,  1792,  Dr.  Herschei  observes  that,  **  since  the  y^ar  1774  to  the 
presfcnt  time,  I  can  find  only  four  observations  where  any  other  black  division  of  the  ring  yi,  mentioik^ 
ed  tlian  the  one  which  I  have  constantly  observed  3  these  were  i^l  in- Juoej  1780/' 
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than  the  first,  which  is  Considerably  smaller  than  the  second,  and  a  little  less 
than  the  third.  October  16,  he  followed  the  first  and  second  satellites  up  to 
the  very  disc  of  the  planet ;  and  tlie  ring,,  which  was  extremely  faint,  did  not 
dfostfuct  his  seeing  them  gradually  approach  the  disc.  Tliese  observations  are 
sufiicient  to  show  the  extreme  tliinness  of  the  ring*  But  Dr.  Herschel  further 
observes,  that  there  may  be  a  refraction  through  an  atmosphere  of  the  ring,  bj 
which  the  satellites  may  be  lifted  up  and  depressed,  so  as  to  become  visible  on 
both  sides  of  tlie  nng,  even  though  the  ring  should  be  equal  in  tliickness  to  the 
smallest  satellite,-  which  may  amount  to  1000  miles^  From  a  series  of  observa- 
tions upon  luminous* points  of  the  ring,  he  has  discovered  that  it  has  a  rotation 
about  its  axis,  the*  time  of  which  is  lOA.  S9f.  15%4. 

489.  The  ring  is  invisible*  when  its  plane  passes  through  the  sun,  tlie  earth,  or 
between  them ;  ia  the  first  case,  the  sun:  shines  only  upon  its  edge,  which  is  too 
thin  to  reflect  sufficient  light  to  render  it  visible ;  in  the  second  case,  the  edge 
only  being  opposed  to  us,  it  is  not  vimUe  for  the  same  reason  ^  in  the  third  case, 
the  dark  side  of  the  ring  is  exposed  to  us,  and  therefore  the  edge  being  the 
tttly  lamiHo^  part  which  is  towards  the  earth,  it  is  invisible  on  the  same  account 
atf  l^efore*  Observers  have  differed  lO  or  isr  days  in  the  time  of  its  beconung 
invisible,  owing  to  the  difference  of  the  telescopes,  and  of  the  state  of  the  at- 
mosphere. Dr.  Herschel  observes,  that  the  ring  was  seen  in  his  telescope 
when  we  were  turned  towards  the  unenlightened  side ;  so  that  he  either  saw  the 
light  reflected  from  the  edge,  or  elsetlie  retfecticm  of  the  light  of  Saturn  upon 
the  dark  side  of  the  ring,  as  we  sometimes^  see  the  dark  part  of  the  moon.  He 
cannot  however  say  which  of  the  two  might  be  the  case;  especially  as  there 
are  very  strong  reasons  to  think,  that  the  edge  of  the  ring  is  of  such  a  nature  as 
not  to  reflect  much  light.  M.  de  la  Lande  thinks  that  the  ring  is  just  \'isible 
with  the  best,  telescopes  in  common  use,  when  the  sun  is  elevated  S'  above  its 
plane,  or  3  days  before  its  plane 'passes  through  the  sun;  and  when  the  earth  is 
elevated  2'.  30f'  above  the  plane,  or  one  day  from  the  earth's  passing  it. 

490.  In  a  paper  in  the  Phil.  Trans.  1790,  Dr.  Herschel  ventured  to  hint 
at  a  suspicion  that  the  ring  was  divided ;  this  conjecture  was  strengthened  by 
fbture  observations,  after  he  had  had  an  opportunity  of  seeing  both  sides  of  the 
ring.  His  reasons  are  these  :  I.  The  black  di\ision  upon  the  southern  side  of 
tile  ring,  is  in  the  same  place,  of  the  same  breadth,  and  at  the  same  distance 
from  the  outer  edge,  that  it  always  appeared  upon  the  northern  side.  2.  With 
his  seven  feet  reflector  and  an  excellent  speculum,  he  saw  the  division  on  the 
ring,  and  the  open  space  between  the  ring  and  the  body,  equaUy  dark,  and  of 

*  Tlie  disappearance  of  the  Ring  is  only  with  the  telescopes  in  common  use  among  Astronomers ; 
for  Dr.  Herschf.l,  with  his  large  telescopes,  has  been  able  to  see  it  Ir  every  situation.  Ho  tliinks  the 
edge  of  the  Ring  is  not  flat^  but  spherical  or  spheroidical. 
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FIG, 
106. 


the  same  colour  with  the  heavens  about  the  planet.  3.  The  Mack  division  is 
equally  broad  on  each  side  of  the  ring.  From  these  observations,  Dr*  Hebs- 
CHEL  thinks  himself  authorized  to  say  that  Saturn  has  two  concentric  rings,  si- 
tuated in  one  plane,  which  is  probably  not  much  inclined  to  the  equator  of  the 
planet  The  dimensions  of  the  two  rings  are  in  the  following  proportions,  as 
nearly  as  they  could  be  ascertained. 

Parts. 

Inside  diameter  of  the  smaller  ring    .    •  59oa 

Outside  diameter     ..•...••  75  lO 

Inside  diameter  of  the  larger  ring      .     •  7740 

Outside  diameter «     •    p.  8S0O 

Breadth  of  the  inner  ring 805 

Breadth  of  the  outer  ring 280 

Breadth  of  the  space  between  the  rings    •      115 

In  the  Mem.  dePAcad.  at  Paris  1787,  M.  de  la  Place  supposes  that  the  rin^ 
may  have  many  divisions ;  but  Dr.  Herschel  remarks,  that  no.  observationsr 
will  justify  this  supposition. 

491.  From  the  mean  of  a  great  many  measures  of  tlie  diameter  of  the  laxger 
ring.  Dr.  Herschejl  makes  it  46",677  at  the  mean  distance  of  Saturn.  Hence^ 
its  diameter  :  the  diameter  of  the  earth::  25,8914  :  1.  From  the  above  pnK 
portions  therefore^  the  diameter  of  this  ring  must  be  204883  miles;  andthe^ 
distance  of  the  two  rings  2839  miles» 

492.  The  ring  being  a  circle,  appears  elliptical  from  its  oblique  position;  and 
it  appears  most  open  when  Saturn  is  90"^  from  the  nodes  of  the  ring  upon  the. 
orbit  of  Saturn,  or  when  Saturn's  longitude  is  about  2*.  17%  and  8'.  17*^.  la 
such  a  situation,  the  minor  axis  is  extremely  nearly  equal  to  half  the  migpi^ 
when  the  observations  are  reduced  to  the  sun ;  consequently  the  plane  of  the 
ring  makes  an  angle  of  about  30^  with  the  orbit  of  Saturn;  it  will  also  be  showa. 
that  it  continues  parallel  to  itself.  The  situation  of  the  nodes  of  the  ring,  and 
all  its  other  phenomena,  may  be  determined  as  follows. 

493.  Let  S  be  the  sun,  AB  the  orbit  of  the  eaitli,  ntrzv  the  orbit  of  Saturn,, 
vSn  the  line  of  the  nodes  j  transfer  these  circles  to  the  sphere  of  the  fixed  stais„ 
and  let  them  be  represented  by  JVZ,  NX;  and  let  RVhethe  plane  of  the  ring 
extended  to  the  same  sphere  j  then  F  is  the  place  of  the  node  of  llie  ring  upoa 
Saturn's  orbit,  and  V  the  node  upon  the  ecUptic ;  draw  FtS^  and  /  is  the  place 
of  Saturn  when  the  plane  of  the  ring  passes  through  the  sun  ;  also  let  r  be  the 
place  of  Saturn  when  the  plane  pass&s  through  the  earth  at  c,  and  draw  crH;^ 
let  z  be  any  other  position  of  Saturn,  and  e  tlie  corresponding  place  of  the  earthj^ 
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and  draw  8zd^  ezm  to  the  abovementiohed  sphere;  join  mFby  a  great  circle, 
and  let  fall  the  perpendiculars  dp^  mw  upon  VRi  and  wG,  HI  and  FT  upon 
ZN.. 

494.  The  place  F  of  the  node  upon  tlie  orbit  of  Saturn  may  be  immediately 
found,  from  observing  the  heliocentric  place  of  Saturn  in  its  orbit  when  the 
plane  passes  through  the  sun,  for  that  place  is  the  place  of  the  node.     Now  as 
the  ring  is  invisible  a  few  days  before,  and  as  many  after  it  passes  througli  the 
sun,  to  get  the  time  when  it  passes,  observe  the  time  when  it  disappears  and 
the  time  when  it  becomes  visible,  and  the  middle  point  of  time  is  the  time 
when  the  plane  passed  throtigh  the  sun ;  and  the  place  of  Saturn  at  that  time  is 
the  place  of  the  node  of  the  ring»     According  to  M.  de  la  Lande,  on  January 
8,  1774»  the  plane  of  the  ring  passed  through  the  sun,  at  wluch  time  the  lon- 
gitude of  Saturn  upon  its  orbit  was  5\  20^  38',  which  therefore  was  the  place 
of  the  node  F  of  the  ring.     Now  the  node  N  at  that  time  was  in  3*,  21*".  43'  ^ 
hence,  FN ^58"^.  55!^  the  distance  of  the  node  of  the  ring  upon  the  orbit  of 
Saturn  from  the  node  of  Saturn ;  and  to  find  the  distance  VN  upon  tlie  echp- 
tic,  we  have  in  the  right  angled  triangle  FTNy  FN=z5S^.  55' and  the  angle 
FNT=2\  29'.  SQTj  hence  we  find  2W=r58^  53'.  33",  TF=z2\  8'.  19",  and 
the  angle  A^jPT=88^  42'.  36"  t  from  which  subtract  NFV=:SOP  (492)' the  angle 
which  the  plane  of  the  ring  makes  with  the  orbit  of  Saturn,  and  we  have  VFT 
=  58°.  42'.  36";  hence,  in  the  right  angled  triangle  VFTy  we  have  jPr=2°. 
8'.  19",  and  FJ?'^=58^  42'.  36",  therefore  VTzzS"".  30'.  49",  which  subtracted 
from  7W,  leaves  VN^iSS"^.  22'.  44'  the  distance  of  the  node  of  the  ring  on  the 
ecliptic  from  Saturn*s  node  j  and  the  angle  FVT^SV.  21'..  19"  the  inclination 
of  the  ring  to  the  ecliptic.     M.  Maraldi  made  it  31^.  20';-  Heinsius  made  it 
31^  23'.  17^     Also,  as  the  longitude  of  ^  was  3\  21**.  43',  we  have  tlie  longi-^ 
tude  of  the  node  V  of  the  ring  upon  the  ecliptic  5\  17*.  5'.  44".     Maraldi 
found  it  5\   16^  if  in  1715;  and  if  from  that  time  to  1774  we  allow  49'  for 
the  precession  of  the  equinoxes,  it  makes  the  place  in  1774  to  be  5'.  17°.  6', 
within  16"  of  what  it  was  found  from  observation.     Hence  it  appears,  that  the 
plane  of  the  ring  is  fixed..    The  place  of  the  node  of  the  ring  upon  the  orbit  of 
Saturn  was,  according  to  Huygens,  in  the  middle  of  the  last  century  5*.  20**: 
SO';  Cassini  made  it  5\  22*^.     This  is  the  ascending  node. 

495.  The  place  of  the  node  may  also  be  found  from  the  time  when  the  plane- 
of  the  ring  passes  through  tlie  earth,  observing,  at  that  time^  the  geocentric  la- 
titude ///,  and  the  longitude^  from  which  we  get  INj  knowing  the  place  of 
the  node  N..  Hencej  in  the  right  angled  triangle  NIv^  we  know  IN  and  the 
angle  N^  to  find  Nv^  Iv  and  the  angle  Nvl ;  therefore  in  tlie  triangle  HvFj 
we  know  Hvy  Hi/F  B,nd  HFoy  to  find  vF^  which  tak^n  from  vA^  leaves  FN.. 
Or  if  we  suppose  the  angle  HVI  known j  then  knowing  Hly  we  find  IV\  there- 
fore if  we  know  the  longitude  erf  7,  we  shall  know  that  of  V.  Now  according, 
to  Mv  de  la  La^de,,  the  ring  passed,  through  the  earth  on  April  3,  1774^,  at 
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which  time  tlie  geocentric  place  /of  Satunr  was  5\  21^  7'.  38",  and  latitude 
///  was  2^  27'}  if  therefore  we  suppose  the  angle  HFI  to  be  31^  21'.  19%  we 
have  7r=4°.  l'.  35%  which  subtracted  from  5\  21°.  7'.  38",  leaves  the  longi- 
tude  of  the  node  Fon  the  ecliptic  5*.  17^  6'.  3%  which  is  ii^ithin  19"  of  what  it 
was  found  (494)  from  the  passage  of  the  plane  through  the  aun.  When  the 
earth  and  Saturn  are  moving  in  opposite  directions,  the  place  of  the  node  may 
be  more  accurately  determined  by  this  metliod,  tlian  by  the  passage  of  the  plane 
through  the  sun ;  because  the  disappearance  takes  place  quicker,  and  therefore 
you  can  determine  the  time  more  accurately. 

496.  In  determining  the  nodes  of  the  ring,  we  supposed  the  indinatian 
known,  whereas  die  inclination  is  found  from  knowing  the  place  of  the  nodes; 
by  observing  the  ring  when  Saturn  is  90^  fi-ora  the  i>odes.  But  by  constantfy 
obser\  ing  the  opening  of  the  ring,  about  the  time  when  it  is  the  greatest,  we 
shall  get  very  nearly  its  inclination,  and  a  small  error  in  that  vnll  make  but  a 
very  little  alteration  in  the  place  of  the  node. 

497*  AVlien  the  plane  of  the  ring  passes  through  the  earth,  we  have   .    *  ^ 

sin.  IV 

=:tan.  IVH=ztan.  31  ^  20' =0,6088.     As  this  must  take  place  when  /is  with- 

in  a  few  degrees  of  the  node  F,  it  will  be  very  easy  to  compute  when  the  pas^ 

sage  happens,  by  assuming  some  time,  and  taking  at  that  time  the  geocentric 

latitude  and  longitude  of  Saturn  from  the  Nautical  Almanac j  and  thence  finding 

/F,  and  dividing  the  tangent  of  the  latitude  HI  by  the  sine  of  IV ;  assume 

two  times  as  near  as  you  can  conjecture  to  tlie  time  required,  and  the  two  re^ 

suits  will  direct  you  to  find,  by  proportion,  a  time  very  near  to  that  reqidred; 

thus  you  will  very  easily  get  the  time. 

Ex.  On  May  3,  1789,  the  geocentric  longitude  of  Saturn  was  11'.  20®.  23', 
and  latitude  1°.  54'.  20";  and  taking  the  j)lace  of  the  descending  node  to  be 

ir.  17^  18',  we  have  IV- ^.  5";  hence,  ^.!hijL:?^;^=o,6l9.    On  May  4, 

sin*  s  .    o 

we  find  tlie  value  to  be  0,602 ;  hence,  the  ring  passed  through  the  earth  be* 

tween  May  3  and  4,  agreeing  witli  Dr.  Maskelyme's  computation  (501). 

498.  To  determine  the  appearance  of  the  ring  when  the  earth  is  at  any  point 
^,  and  Saturn  at  z^  it  is  manifest,  that  e  is  at  the  siime  angular  distance  frotn 
the  plane  of  tlie  ring  at  Saturn  that  m  is,  tlie  angles  at  z  being  vertical  j  but 
the  angular  distance  of  wi  from  tlie  plane  of  the  ring  at  z  is  measured  by  mw, 
which  therefore  measures  the  elevation  of  the  eye  at  e  above  the  plane.  Now 
to  find  mw^  let  there  be  given  mG  the  geocentric  latitude  of  Saturn,  and  its 
geocentric  longitude,  or  the  point  G  on  the  ecliptic;  then,  as  the  point  Fis 
we  shall  know  GVj  hence  we  can  find  wT,  and  the  ai^le  mVG^  which 
*  w.rtj  givpSj»Fin;  tlierefore  in  the  triangle  mTX'F,  we  cw  fin4 
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tnw  the  el^^atioii  lof  the. tiye  above  the  plane  of  the  rii)g«    (HdOCe,  ntd.  :  Bin. 
mw : :  major  axis  :  minor  axis  of -the  ring. 

Ex.  On  July  1:^,  178.4,  Mr.  Buoqe  observed  the  .geoce^tnc  longitude  pfSa- 
turn  to  be  9\  20°.  S4'.  48%  and  latitude  3'.  35"  N.  he  also  determined  the  as- 
cending  node  of  Saturn's  orbit  to  be  3'.  21^  50'.  8";  hence,  GV=:4\  3^  29'. 
48",  and  as  Gm  =  3'.  35",  we  have /w^=:123^  29'.  48%  and  the  angle  wFG  = 
4'.  18^;  and  if  we  take  wrG  =  31^  21'.  19",  we  have  7wrw  =  3l\  17'.  l";  hence 
imie;=25®.  38'.  37^;  consequently  the  major  axis  :  minor  axis::rad.  :  sin.  25°. 
88'.  37'::  100  :  43. 

'499.  The i^xc  dp  measures  the  elev^tipii  of  the  sun  ^boye  the iplane  of  the 
ring ;  hence,  knowing. the  heliocentric  longitude  pf  Saturn  on  its  orbit,  or  of 
the  point  rf,  and  the  longitude  of  F  the  node  of  the  ring  upon  its  orbit,  we 
know  dF;  and  we  know  also  the  angle  dFp  which  the  plane  of  the  ring  makes 
with  the  orbit;  heqce»  in  the  right  angled  triangley^jpc/,  yfe  6pd,dp  the  eleva- 
tion required. 

500.  In  the  same  manner  as  we  have  determined  the  inclination  dT  the  ring 
and  position  of  the  nodes,  the  inclination  of  the  orbit  of  the  seventh  satellite 
and  place  of  its  node  may  be  determined,  by  nieasuring  the  minor  axis  of  the 
CMrbit  which  it  appears  to  describe  at  the  time  when  it  is  greatest,  and  comparing 
it  with  ^the  .msgpr  axis,  or  twice  the  greatest  elongation.  TTie  semi^minor  axis 
is  detecfn^^^  by  m^^suring  tlie  distance  of  the  aatelHte  from,  the  planet,  when 
that  distance  is.  the:  ieatit  in  ^the  whole  revolution 

501.  In  -the  Nautical  Ahnanac  for  1791,  Dr..>MiiSK£LTNE  has  computed  the 
disappearances  and  re-appearances  of  the  ring  in  1789  and  1790;  assuming  the 
place  of  the.  descending,  node  on  the  ecliptic  to  be  11*.  17®.  18',  the  ascending 
node  of -Saturn  3*.  21°.  51';  inclination  of  its  orbit  2^  30'*  20"i  inclination  of 
the  ring  ,to  the<ecliptic  31^  20',  and  place  of  the  ^o^nding  node  of  the  rii^  on 
Saturn's  orbit  3'»20^  52',  all.according  to  M.  de  la  Lande;  and .  supposing, 
with  him,  that  the  ring  is  just  visible  with  the  best  telescopes  in  common  use 
when  the  sun  is  rfevated  3*  above  its  plane,  or  three  days  before  the  plane 
pasijes,tbr9Pgh  the  sun ;  and  when  the  earth  is  elevated  2'.  30"  above  the  plane, 
or  one  dayjrom  the  earth's  passing  it. 

May  3,  17891,  the  ring  passes  through  the  earth,  the -earth  passing  from  tlie 
northern  !side  wbich  is  enlightened,  to  its  southern  sid4  .which  is.  dark. 

August^©,  the  ring  repasses  to  the  northern  or  enlightened  side. 

October  1 1 ,  the  ring  passes  through  the  sun  j  when  it  will  change  its  en- 
lif^itened' side,  from  the  northern  to  the  southern  one  \  ^consiequently  the  dark 
aide  will  then  be  towards  the  earth. 

'4bQnat7.29,  XTdOjthe  nng  passes  through  the  earthy  imd  the  earth  passing^ 
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from  tiie  northern  or  dark,  to  the  southern,  or  enlightened  side  of  the  ring,  tiie 
ring  will  become  visible,  and  continue  so  till  1803. 

The  phaenomena  may  happen  five  days  sooner  or  later  than  here  set  down,  if 
the  Tables  should  err  10'  in  the  geocentric  longitude  of  Saturn. 

By  observation  with  an  achromatic  telescope  of  five  feet  focal  length,  Dn 
Maskelyne  concluded  that  the  ring  repassed  through  the  earth  on  August  28» 
at  11  houn 


The  following  Tables,  taken  from  the  Bccueil  de  Talks  Astronomiques^  BerUn^ 
1776,  are  calculated  to  show  the  apparent  figure  of  the  Ring,  and  of  the  orbits 
of  the  satellites,  as  seen  either  from  the  sun  or  the  earth. 


For  the  Ring,  and  Six  first 
Satellites. 

Aro.  Long,  h  +13°.  43'.  30' 

• 

O.  VI. 

-.    + 

I.  VII. 

-    + 

III.  VIII. 

-    + 

1 

op 

• 

• 

0 
3 
6 
9 

12 
IS 
18 
21 

0,000, 

0,027 
0,054 
0,081 

O,260 
0,284 
0,306 
0,328 

0,451 
0,464 
0,476 
0,486 

30 

27 
24 
21 

1  0,108 
0,135 
0,161 
0,187 

0,348 
0,368 
0,384 
0,405 

0,495 
0,503 
0,509 
0,514 

18 

15 

12 

9 

24 
27 
30 

0,212 
0,236 
0,260 

0,421 
0,437 
0,451 

0,518 
0,520 
0,521 

6 

+       - 

XI.  V; 

+    - 

X.  IV. 

+    - 

IX.III. 

1 

For  the  Seventh 
Satellite.  . 


Aro.  Long,  i^  +  24**.  50'. 


o 
s 

9 

12 
15 
18 
21 


O.  VI. 

-     + 


0,000 
0,014 

0,027 
0,041 


I.  VII. 

—     + 


III.  VIII 

-   + 


0,129 
0,141 
0,152 
0,163 


0,054 
0,064 
0,080 
0,093 


0,174 
0,183 
0,192 
0,201 


0,224  SO 
0,290  87 
0,236  34 
0,242  121 


24 

27 
30 


0,105 

0,117 
0,129 


0,209 
0,217 
0,224 


0,246 
0,250 
0,253 
0,256 


+    — 


+    - 


u 


XL  V.!X.IV. 


0,257 

0,258 
0,259 


+    — 

IX.  Ill 


I1 


18 

15 

12 

9 


6 
3 


i. 


.« 


To  the  quantity  taken  from  die  Tables,  apply  the  latitude  of  Saturn  express- 
ed in  minutes  divided  by  4000,  with  the  sign  -  when  the  latitude  is  north,,  and 
J-  when  it  is  south ;  but  for  the  seventh  satellite,  we  must  multiply  this  Ust 
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iorj 


quantity  by— ;  and  the  result  gives  tlie  minor  axis  of  the  ring,  or  of  the  orbits, 

y 

the  major  axis  being  unity. 

Ex.  On  April  22,  1767,  the  geocentric  latitude  of  Saturn  was  1^  !(/ south, 
and  longitude  5\  16^  55* ;  hence. 


For  the  Ring,  and  Six  first 
Satellites. 


2'.  16^  55^ 
13.    43 

3.     O.    38 

70 
4000 

Minor  axis 


.   -0,521 
-    +0,017 

-0,504 


For  the  Seventh 
Satellite. 


2*.  16^  5^ 
24.   50 

3.    11.   45     - 
70     10 

4000^  9" 
Minor  axis    - 


-0,25S 
+  0,019 

-0,234 


The  sign  +  shows  that  that  half  of  the  ring,  or  of  the  orbits,  which  is  most 
distant,  is  more  north  than  tlie  center  of  Saturn,  and  the  sign  — shows  it  to  be 
more  south. 

The  geocentric  latitude  and  longitude  being  here  taken,  we  get  the  appear- 
ance as  seen  from  the  earth  ;  the  heliocentric  latitude  and  longitude  being  as* 
sumed,  gives  the  appearance  at  the  sun. 
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FIG. 
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CHAR   XXII. 

ON  THE  ABERRATION  OP  LiGHT. 

Art  502r  In  the  year  1725,  Mr.  Moltneux,  assisted  by  Dr.  Brajmley^  fitted' 
up  a  zenith  sector  at  Kew,  in  order  to  discover  whether  the  filled  stars  had  any 
sensible  parallax*,  that  is,  whether  a  star  s  would  appear  to  have  changed  its 
place  whilst  the  earth  moved  from  one  extremity  A  of  the  diameter  of  its  orbit 
to.  the  other  extremity  C;  or  which  is  the  same,  to  determine  whether  the  dia- 
meter AC  of  the  earth's  orbit  subtends  any  sensible  angle  AsC  at  the  star  u 
Tlie  very  important  discovery'  arising  from  their  observations  is  so  clearly  and 
fully  related  by  Dr.  Braduht  in  a  Letter  to  Dr.  Haixby,  that  I  cannot  do  bet-- 
ter  than  give  it  the  reader  in  his  own  words.     Phil.  Trans.  N°.  406. 

SOS.  **  Mr..  MoLYNEUx'a  a|iparatus  was  completed  and  fitted  for  observing 
about  the  end  of  November  1725,  and  on  the  third  day  of  December  folibwing, 
the  bright  star  in  the  head  of  Draco  (marked  y  by  Bayer)  was  for  the  first  time 
observed  as  it  passed  near  the  zenith,  and  its  situation  carefully  taken  with  the* 
instrument.  The  like  observations  were  made  on  the  5^*,  ll^**  and  12**  of  the 
«ame  month  ;  and  there  appearing  no  material  difference  in  the  place  of  the 
star,  a  farther  repetition  of  them  at  this  season  seemed  needless,  it  being  a  part 
of  the  year  wherein  no  sensible  alteration  of  parallax  in  this  star  could  soon  be 
expected.  It  was  chiefly  therefore  curiosity  that  tempted  me  (being  then  at. 
Kew  where  the  instrument  was  fixed)  to  prepare  for  observing  the  star  ob  De- 
cember 17,  when  having  adjusted  the  instrument  as  usual,  1  perceived  that  it 
passed  a  little  more  southwardly  tliis  day  than  when  it  was  observed  before. 
Not  suspecting  any  other  cause  of  this  appearance,  we  first  concluded  that  it 
was  owing  to  the  uncertainty  of  the  observations,  and  that  either  this  or  the 
foregoing  were  not  so  exact  as  we  had  before  supposed ;  for  which  reason  we 
purposed  to  repeat  the  observation  again,  in  order  to  determine  from  whence 
this  difierence  proceeded ;  and  upon  doing  it  on  December  20,  I  found  that 
the  star  passed  still  more  southwardly  than  in  the  former  observations.  This 
sensible  alteration  the  more  surprised  us,  in  that  it  was  the  contrary  way  firom 
what  it  would  have  been,  had  it  proceeded  from  an  annual  parallax  of  the  star: 

*  Dr.  Hook  was  the  laventor  of  this  method,  and  in  the  year  1669  he  put  it  in  practice  at  Gresham 
College,  with  a  telescope  36  feet  long.  His  first  observation  was  ,iuly  6,  at  wliich  time  he  found  the 
bright  star  in  the  head  of  Draco,  marked  y  by  Bayer,  pa^ed  about  :y.  12"  northward  from  thp  ze- 
nith; on  July  9;  it  passed  at  the  same  distance;  on  August  6,  it  passed  2'.  b"  northward  from  the  ze- 
nith ;  on  October  21,  it  passed  J'.  48"  or  50"  north  from  the  zenith,  according  to  his  observationy. 
-See  Us  OaUrian  Lectures. 
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but  heing  oow  pretty*  well  aatisfied  diat  it  could  not  be  entirely  owing  to  tim 
want  of  exactness  ia  the  <^8aryations,  and  having  no  notion  of  any  thing  else 
that  could  cause  such  an  appamnt  motion  as  this  in  the  star,  we  began  to  think 
tliat  some  change  in  tlie  materials,  &c.  of  the  instrament  itself  might  have  oc<> 
casioned  it.  Under  tliese  apprejiiensions  we  reaxained  ^ome  time^  but  being  at 
tengUi  fully  convinced  by  several  triaU  of  the  gieat  exactness  of  the  iostromeat, 
and  finding  by  tl)e  gradual  increase  of  the  star's  distance  from  the  pole^  that 
theie  must  be  souste  regu<Ur  cause  that  produced  it,  we  took  care  to  examine 
nicely  at  the  time  of  each  observation  how  much  it  was ;  and  about  the  begin* 
ning  of  March  1726,  the  star  was  fbund  to  be  20'  more  southwardly  tlian  at 
the  time  of  the  first  observation*  It  now  indeed  seemed  to  have  arrived  at  its 
utmost  limit  southward,  because  in  several  trials  made  about  tliis  time  no  sen- 
sible difference  was  observed  in  its  situation.  By  the  middle  of  April  it  ap- 
peared to  be  returning  back  again  towards  tlie  north ;  and  about  the  beginning 
of  June  it  passed  at  the  same  distance  from  the  zenitli  as  it  had  done  in  De* 
ceoitber  when  it  was  first  observed. 

^  From  the  quick  alteration  of  t})is  star's  declination  about  this  time  (it  increas*- 
ing  a  second  in  tbnee  days)  it  waa  concluded  tliat  it  would  now  proceed  nortli- 
waid,  as  it  before  had  gone  southward  of  its  present  situation  ;  and  it  happen* 
ed  as  was  conjectured,  for  the  star  continued  to  move  northward  till  September 
following,  when  it  again  bbcame  stationary,  being  then  near  20"  more  north- 
wardly than  in  June,  and  no  less  than  39"  more  northwardly  than  it  was  in 
March.  From  September  the  star  returned  towaids  the  south,  till  it  arrived 
in  December  to  the  same  situation  it  was  in  at  that  time  twelve  months,  allow* 
ing  for  the  difference  of  declination  on  account  of  the  precession  of  the  equinox* 

^^  This  was  a  sufficient  proof  tliat  tlie  instrument  had  not  been  the  cause  of  this 
apparent  motion  of  the  star,  and  to  fiud  one  adequate  to  such  an  effect  seemed 
a  di0iculty.  A  nutation  of  the  earth's  axis  was  one  of  the  first  things  that  of- 
fered itself  upon  this  occasion ;  but  it  was  soon  found  to  be  insufficient ;  for 
though  it  might  have  accounted  for  the  ctiange  of  declination  in  7  Dcaconis^ 
yet  it  would  not  at  the  same  time  agree  with  the  phaanomena  in  other  stars^ 
particularly  in  a  small  one  almost  opposite  in  right  ascension  to  >  Draconis,  at 
about  the  same  distance  fh>m  die  north  pole  of  the  equator ;  for  though  this 
star  seemed  to  move  the  same  way  as  a  nutation  of  tlie  earth's  axis  would  have 
made  it,  yet  it  changing  its  declination  but  about  half  as  much  as  r  Draconis 
in  the  same  time,  (as  appeared  upon  comparing  the  observations  of  both  made 
upon  the  same  days  at  different  seasons  of  the  year,)  this  plainly  proved  that 
the  apparent  motion  of  the  stars  was  not  occasioned  by  a  real  nutation,  since  if 
that  had  been  the  cause,  the  alteration  in  both  stars  would  have  been  nearly 
^eqaal• 

"  The  great  regularity  of  the  oteen'ations  left  no  room  to  doubt  but  that  iliere 
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U^f0Ui  Hfj  y*^.  t^uc^,  ^;ap-i<^,  'mra^JT**^  r.  -ra.*.  For  Mr.  Moi.TyErx'* 
ff'Wif^  4^^^tiMy  ^Wf^yjt^A  if0  ^k^^irrn/z  v  DracrjCja*  (in  onkr,  is  I 
I//  f/y  «f^//^  ;t  >Kk/J  iirfnr  t<^r«it^  y^ni\sL%j  «m  vjt  commcd  a»  to  be 
Sri/i  UU>.  ^Ar^i//fi  lA  iu  direcrtj/m,  wx  aUAe  fte% ^:ii  or  esgbx,  Miimtgs  cf  a  de> 
i;/*^  ^  if0tfl  iit^.f^,  Sf^tffi  t^fm  %tar%  vitliin  (lalf  that  distance  irocn  the  jjfilh  of 
Ki^w  hhj^ti  'r#f//<i((h  t// 1^  ir^rli  r/t>%en'ed,  he  axild  not  with  his  iastrmiM  tho* 
9*^$0fly  ^afriiff#;  t^/w  iiif%  /^duv;  affecUrd  %tan  diffirrently  situated  with  teapett 
I//  fif^r  ^4\ii$fUff'^4^\  and  v/htitial  \ttHnt%  of  tfie  ecliptic* 

^  'Du'W.  t'4rtmAi^.f7iUtm%  tUdM^rmmful  tne ;  and  by  the  contrivance  and  duedioB 
#/f  fh^  v^ry  \uyiiitum%  \H'f^m  Mr.  (ikaham,  my  in^rument  was  fixed  up  Aagnit 
10^  tT'^t,  A%  I  Uus\  no  ronvcrnumt  place  where  I  could  make  use  c^^so  long  a 
l4'l«r«/v/|fi'  Mil  Mr.  Mof.rMM/xS,  f  contented  myself  witli  one  of  but  little  more 
iImmi  (p/iiriff#^  I'rnprlh  ofliiti  (vh,  of  alKMit  12^  feet,  his  being  24:^^)  judging  fiom 
Mm(  i'K|M'ri^n/'«'  wliirli  f  liafl  alr<:ady  ha^l,  that  this  radius  would  be  long  enough 
lo  iMljn«it  lh«'  inMrMMM'ni  to  a  Hiifficient  degree  of  exactness,  and  I  have  had  no 
ri'Ntion  kiuro  Up  rhnngi;  my  opinion  ;  for  fi-om  all  the  trials  I  have  yet  made,  I 
Hiu  yfi'ty  wi*ll  ftiili«in<*d  that  wh<;n  it  is  carefully  rectified,  its  situation  may  be  se* 
i'uri*\y  iU*]wiuUu\  upon  lo  half  a  second.  As  the  place  where  my  instrument 
wuM  lo  lir  hung  in  xonir  nifaNure  determined  its  radius,  so  did  it  also  the  length 
fp|'lhi<  Mirh  III'  limb  on  which  the  divisionH  were  made  to  adjust  it;  for  the  arch 
rniihl  nnl  rnnvi'ni<*nily  he  extended  liulher  than  to  reach  to  about  6^  IS',  on 
nu-h  hidi*  my  /enilh.  TliiM  indeed  was  sufllciont,  since  it  gave  me  an  opportu- 
inly  nl'  niitknif^  choirr  of  Heverul  NtaiH  very  different  both  in  magnitude  and  si- 
hnilinn,  Ihen*  being  more*  (liun  two  hundred  inserted  in  the  British  Catalogue 
Ihiif  may  Im*  tthnerved  with  it.  I  needed  not  to  have  extended  the  limb  so  &r^ 
hul  thai  I  wwn  willing  to  take  in  Capella,  the  only  star  of  the  first  magnitude 
thai  eunieit  mi  near  niv  /.enith. 
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•^  My  instniinent  being  fixed,  I  immediately  began  to  observe  such  stars  as  I 
judged  most  proper  to  give  me  light  into  the  cause  of  the  motion  already  men- 
tioned. There  was  variety  enough  of  small  ones,  and  not  less  than  twelve  that 
I  could  observe  through  all  the  seasons  of  the  year,  they  being  bright  enougli 
to  be  seen  in  the  day  time  when  nearest  the  sun.  I  had  not  been  long  observ- 
ing  before  I  perceived  that  the  notion  we  had  before  entertained  of  the  stars 
being  farthest  north  and  south  when  the  sun  was  about  the  equinoxes,  was  only 
true  of  those  that  were  near  the  solstitial  colure ;  and  after  I  had  continued  my 
observations  a  few  months,  I  discovered  what  I  then  apprehended  to  be  a  gene*- 
ral  law,  observed  by  all  the  stars,  viz.  that  each  of  them  became  stationary  or 
was  farthest  nortli  or  south  when  they  passed  over  my  zenith  at  six  o'clock  either 
in  the  morning  or  evening.  I  perceived  likewise  that  whatever  situationr  tlie 
stars  were  in  with  respect  to  the  cardinal  points  of  the  ecliptic,  the  apparent 
motion  of  every  one  tended  the  same  way  when  they  passed  my  instmment 
about  the  same  hour  of  the  day  or  night ;  for  they  all  moved  southward  while 
they  passed  in  the  day,  and  northward  in  the  night ;  so  that  each  was  farthest 
north  when  it  came  about  six  o'clock  in  the  evening,  and  farthest  south  when 
it  came  about  six  in  the  morning. 

*'  Though  I  have  since  discovered  that  the  maxima  in  most  of  these  stars  do 
not  happen  exactly  when  tliey  come  to  my  instrument  at  those  hours,  yet  not 
being  able  at  that  time  to  prove  the  contrary,  and  supposing  that  they  did,  I 
endeavoured  to  find  out  what  proportion  the  greatest  alterations  of  decUnation 
in  different  stars  bore  to  each  other ;  it  being  very  evident  that  they  did  not 
all  change  their  declinations  equally.  I  have  before  taken  notice  that  it  ap- 
peared from  Mr.  Molyneux's  observations  that  y  Draconis  altered  its  declina- 
tion  about  twice  as  much  as  the  fore-mentioned  small  gUir  almost  opposite  to 
it ;  but  examining  the  matter  more  particularly,  I  found  that  the  greatest  al- 
teration of  declination  in  these  stars  was  as  Uie  sine  of  the  latitude  of  each  re- 
spectively. This  made  me  suspect  that  there  might  be  the  like  proportion  be- 
tween the  maxima  of  other  stars;  but  finding  that  the  observations  of  some  of 
them  would  not  perfectly  correspond  with  such  an  hypothesis,  and  not  knowing 
whether  tlie  small  difference  I  met  with  might  not  be  owing  to  the  uncertainty 
and  error  of  the  observations,  I  deferred  the  farther  examination  into  tlie  trutk 
of  this  hypothesis  till  I  should  be  furnished  with  a  series  of  observations  made 
in  all  parts  of  the  year ;  which  might  enable  me  not  only  to  determine  what  er- 
rors the  observations  are  liable  to,  or  how  far  they  may  safely  be  depended  up- 
on;  but  to  judge  whether  there  had  been  any  sensible  change  in  tlie  parts  of 
tlie  instrument  itself. 

"  Upon  these  considerations  I  laid  aside  all  thoughts  at  that  time  about  the 
cause  of  the  fore-mentioned  phaenomena,  hoping  that  I  should  the  easier  disco- 
ver it  when  I  was  better  provided  with  proper  means  to  determine  more  pre- 
cisely  what  they  were. 
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'  ^*  When  the  year  was  completed  I  began  to  examine  and  compare  my  observa- 
tionSy  and  having  pretty  well  satisfied  myself  as  to  the  general  laws  of  the  pluE^ 
nomena,  I  then  endeavoured  to  find  out  tlie  cause  of  them.  I  was  already 
convinced  that  the  apparent  motion  of  the  stars  was  not  owing  to  a  nutation  of 
tlie  earth's  axis.  The  next  thing  tliat  offered  itself,  was  an  alteraticm  in  the 
direction  of  the  plumb-line  with  which  the  instrument  was  constantly  rectified; 
but  this  upon  trial  proved  insufficient  Then  I  considered  what  refracticm 
might  do,  but  here  also  nothing  satisfactory  occurred.  At  last  I  conjecttned 
that  all  tlie  phsenomena  hitherto  mentioned  proceeded  from  the  prograsove 
motion  of  light  and  the  earth's  annual  motion  in  its  orbit.  For  I  perceived  if 
light  was  propagated  in  time,  the  apparent  place  of  a  fixed  object  would  not 
be  the  same  when  the  eye  is  at  rest,  as  when  it  is  moving  in  any  other  direction 
than  that  of  the  line  passing  through  the  eye  and  object;  and  that  when  die 
eye  is  moving  in  different  directions,  the  apparent  place  of  the  object  would 
be  diflferent." 

This  is  Dr.  Bradley's  account  of  tliis  very  important  discovery  ;  we  Adi 
therefore  proceed  to  show  tliat  his  prindple  will  solve  all  the  phasnomena. 

504.  The  situation  of  any  object  in  the  heavens  is  determined  by  the  position 
of  the  axis  of  the  telescope  annexed  to  the  instrument  with  which  we  measure; 
for  such  a  position  is  given  to  the  telescope,  that  the  rays  of  light  from  the  ob- 
ject may  descend  down  the  axis,  and  in  that  situation  the  index  shows  the 
angular  distance  required.  Now  if  light  be  progressive,  when  a  ray  from  any 
direct  descends  down  the  axis,  the  pointion  of  the  telescope  must  be  difierent 
from  what  it  would  have  been  if  light  had  been  instantaneous,  and  therefore  the 
place  which  is  measured  in  the  heavens  will  be  difierent  from  the  true  piace« 
FIG.  For  let  S'  be  a  fixed  star,  VF  the  direction  of  the  earth's  motion,  SF  the  di* 
^^^'  rection  of  a  particle  of  light,  entering  the  axis  ac  of  a  telescope  at  a,  and  mov- 
ing through  a2^  while  the  earth  moves  from  c  to  F  ;  then  if  the  telescope  keqr 
parallel  to  itself,  the  light  will  descend  in  the  axis-  For  let  the  axis  nrn^  I^ 
continue  parallel  to  ac ;  then,- considering  each  motion*  as  uniform,  the  iqmces 
described  in  the  same  time  will  continue  in  the  same  proportion  j  but  cF.:  of 
::cn  :  axty  and  by  supposition  cF^  aF  are  described  in  the  same  time,  therefoi^ 
CHj  avj  are  described  in  the  same  time ;  hence  when  the  telescope  comes 
into  the  situation  nmy  the  particle  of  light  will  be  in  the  axis  at  t; ;  and 
this  being  true  for  every  instant,  in  this  position  of  the  telescope  the  ray 
-will  descend  down  the  axis,  and  consequently  the  place  measured  by  the 
telescope  at  F  is  s\  and  the  angle  S'F^  is  the  aberraHofiy  or  the  diffbrentt 
between  the  true  place  of  the  Star  and  tJie  place  measured  by  ^  imtrumenh 
iHence,  if  we  take  any  line  FS  :  Ft::  velocity  of  light  :  the  velocity  of  the  earth, 

*  The  motion  of  the  8})ectator  arisiiifjf  from  the  rotation  of  the  earth  aboiit  its  axis  is  not  hcpe 
'taken  into  the  calculation^  it  being  so  sm  jU  as  not  to  produce  any  sensible  eflcct. 
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and  join  i'/,  stnd  complefte  the  paFallelqgram  FtSs^  the  aberration  ^ifl  be  equal 
to  FUt.  Also  5  represents  the  true  place  of  the  star,  and  s  the  place  measiinfed 
by  the  instmment. 

505.  As  tlie  place  measured  by  the  instrument  differs  from  the  true  place^ 
let  us  next  consider  how  tlie  progressive  motion  of  Hght  may  affect  the  place  of 
the  star  seen  by  the  naked  eye.     If  a  ray  of  light  fall  upon  the  eye  in  moticm, 
its  relative  motions  in  respect  to  the  eye  will  be  the  same  as  if  you  were  to  im- 
lijFess  equai  motions  in  the  same  direction  upon  each  at  the  instant  of  contact ; 
&c  equal  motions  in  the  same  direction  impressed  upon  two  bodies  will  not 
aflbct  their  relative  motions,  and  therefore  the  effect  of  one  upon  the  other  will 
tiot  be  altered.     Let    VF  be  a  tangent   to  the   earth's    orbit  at  F  which 
will  represent  the  direction  of  the  earth's  motion  at  -F,    aS^  the  star,  join 
S'F  and  prodwce  it  to  Gf,  and  take  FG  :  Fn::  the  velocity  of  light :  the  ve- 
locity of  the  earth  in  its  orbit,  and  complete  the  parallelogram  nFGHy  and 
Auw  the  diagonal  JP//.    Now  as  FO^  nF  represent  the  motions  of  light  and  of 
ibe  earth  in  its  orbit,  conceive  a  motion  Fn  equal  and  opposite  to  ni^  to  be 
iaipressed  upon  tlie  eye  at  jP  and  upon  the  ray  of  light,  then  the  eye  will  be 
at  rest,  and  the  ray  of  light,  by  the  two  motions  FG^  2^,  will  describe  the  dia<* 
gonal  FH ;  this  therefore  is  the  relative  motion  of  the  ray  of  light  in  respect 
to  the  eye  itself.     Hence,  the  object  appears  in  the  direction  HF^  and  conse- 
quently its  apparent  place  differs  from  its  true  place  by  the  angle  GFH—FSU 
It  appears  therefore,  that  the  apparent  place  of  the  object  to  the  n^ked  eye  is 
tbe  same  as  the  place  measured  by  the  instrument.     We  may  therefore  call  the 
place  measured  by  the  instrument,  the  apparent  plistce.     Many  writers  have 
given  the  explanation  in  this  article,  as  the  proof  of  the  aberration,  not  consi-  . 
dering  that  the  aberration  is  the  difference  between  the  true  place  and  that 
measured  by  the  instrument,  or,  as  you  may  call  it,  the  instrumental  error ;  in- 
deed, in  this  case,  the  apparent  place  to  the  naked  eye  coincides  with  the  place  * 
measured  by  the  instrument,  and  therefore  no  error  has  been  produced  by  cchi-  - 
sidering  it  in  that  point  of  view  j  but  it  introduces  a  wrong  idea  of  the  subject} 
the  correction  which  we  apply,  or  the  aberration,  is  the  correction  of  the  place 
measured  by  the  instrument,  and  therefore  the  investigatiou  ought  to  proceed  « 
upon  this  principle  j  how  much  does  the  measured  place  differ  from  the  true 
place  ? 

506.  By  Trigonometry,  sin.  FSt  :  sin.  FtSwFt  :  FS  ::  velocity  of  the 

earth   :  velocity  of  light;  hence,  sine  of  abeiration  s  sin.  -^^^x^^^'  ^1^' 

fbereffore  if  we  considtt  the  velocity  of  the  earth  and  of  light  to  be  constant,, 
the  sine  of  ab^ration,  or  the  aberration  itself  as  it  never  exceeds  20^',  varies  as 
sin*  FtSj  and  therefore  is  greatest  when  tlmt  angle  is  a  right  angle  ^  if  therefore 
5  be  put  for  the  sine  of  FtSy  we  have  1  (rad.)  :  s\\ 20"  :  s  x  20"  the  aberration. . 
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lleiice,  when  Ft  coincides  with  FS\  or  the  earth  be  moving  directly  to  or  fiom 
a. star,  there  is  no  aberration. 

507.  As  (by  observation)  the  angle  F*S'/=20''  when  FtS zz90%  we  have,  Af 
velocitj/  qftJie  earth  :  velocity  of  light::  sin.  20"  :  radius::  1  :  10314. 

508.  Tlie  aberration  *SV  Hes  from  the  true  place  of  the  star  in  a  directioii 
parallel  to  the  direction  of  the  earth*s  motion,  and  towards  the  same  part. 

509.  AVliilst  tlie  eartli  makes  one  revolution  in  its  orbit,  tlie  cur\-e,  parallel 
^^^*  to  tlie  ecliptic,  described  by  the  apparent  place  of  a  fixed  star,  is  a  circle.  For 
^  ^^*    let  AFBQ  be  the  earth's  orbit,  K  tlie  focus  in  which  the  sun  is,  H  the  other 

focus;  on  tlie  major  axis  AB  describe  a  circle;  draw  a  tangent  YFZ  to  the 
point  jP,  and  KYj  HZ  peqiendicular  to  it;  then,  by  Conies,  tlie  points  Y  and. 
Z  will  be  always  in  the  circumference  of  the  circle.  Let  if  be  the  true  place 
of  the  star,  any  where  out  of  the  plane  of  the  ecliptic,  which  therefore  must  be 
conceived  to  be  elevated  above  the  plane  AFBQj  and  take  tF  :  FSm  the  velo- 
city of  the  eardi  :  the  velocity  of  light,  and  complete  tlie  parallelogram  FtSt^ 
and  s  will  (504)  be  the  apparent  place  of  tlie  star.  Draw  FL  perpendicular  to 
ABj  and  let  IVsVa:  be  the  curve  described  by  the  point  5,  and  JVSVhe  paralld 
to  FL.     Now  (as  will  be  proved  when  we  come  to  the  physical  causes  of  the 

planets*  motions)  the  velocity  of  the  earth  varies  asn^-y ,  or  as  HZ;   but  tFj  or 

Ssy  represents  the  velocity  of  the  earth ;  hence,  Ss  varies  as  HZ.  Also,  as  &, 
SF  SLTe  parallel  to  FYj  FLj  the  angle  sSV=:t\\e  angle  YFL  which  is  =  the  an* 
gle  ZHLj  because  the  angle  LFZ  added  to  each  makes  two  right  angles,  for  in 
the  quadrilateral  figure  LFZH  the  angles  L  and  Z  are  right  ones.  Hence,  as 
Ss  varies  as  ifZ,  and  the  angle  sSV=^  ZHA^  the  figures  described  by  the 
points  s  and  Z  must  be  similar;  but  Z  describes  a  circle  in  tlie  time  of  one  le^' 
volution  of  the  earth  in  its  orbit,  hence,  s  must  describe  a  circle  about  s  in  the 
same  time.  And  as  Ss  is  always  parallel  to  tF  which  lies  in  the  plane  of  the 
ecliptic,  the  circle  IVsVx  is  parallel  to  the  ecliptic.  Also,  as  iS^  and  i?  are 
two  points  similarly  situated  in  WV  and  ABj  it  appears  that  the  true  place  of 
the  star  divides  that  diameter  which,  although  in  a  dififerent  plane,  we  may 
consider  as  perpendicular  to  the  major  axis  of  the  earth's  orbit,  in  the  same  ra- 
tio as  the  focus  divides  the  major  axis.  But  as  the  earth's  orbit  is  very  nearly  a 
circle,  we  may  consider  S  in  the  center  of  the  circle  without  any  sensible  error. 

510.  As  we  may,  for  the  purposes  which  we  shall  here  want  to  consider,  con- 
ceive the  earth's  orbit  AFBQ,  to  be  a  circle,  if  from  the  center  C  we  drawCV 
parallel  to  Ss^  or  YF^  s  will  be  the  point  in  that  circle  corresponding  to  s  in  the 
circle  WsVx^  and  as  FCs  =  90%  the  apparent  place  of  the  star  in  the  circle  of 
aberration  is  always  90**  before  the  place  of  the  earth  in  its  orbit,  and  conse- 
quently the  apparent  angular  velocity  of  the  star  and  earth  about  their  respec- 
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tive  centers  are  always  equal.  It  is  further  supposed,  that  the  stor  ^  is  at  an 
indefinitely  great  distance ;  for  the  situation  of  the  star  is  not  supposed  to  be 
altered  from  the  motion  of  the  earth,  and  considering  FS  as  always  parallel  to 
itself,  it  will  always  be  directed  to  6^  as  a  fixed  point  in  the  heavens.  Hence 
also,  as  the  apparent  place  of  the  sun  is  opposite  to  that  of  the  earth,  the  ap- 
parent place  of  the  star  in  the  circle  of  aberration  is  90^.  behind  that  of  the  sun. . 

511.  As  a  small  part  of  the  heavens  may  be  conceived  to  be  a  plane  perpen- 
dicular to  a  line  joining  the  star  and  eye,  it  follows  from  the  principles  of  or- 
thographic projection,  that  the  circle  parallel  to  the  ecliptic  described  by  the 
apparent  place  of  the  star  projected  upon  this  plane  will  be  an  ellipse ;  the 
apparent  path  of  the  star  in  the  heavens  will  therefore  be  an  ellipse,  and  the 
major  axis  will  be  to  the  minor  as  radius  to  tlie  sine  of  the  star's  latitude.  For  ^jq^ 
let  CE  be  the  plane  of  the  ecliptic,  P  its  pole,  PJE  a  secondary  to  it,  PC  per-  l  10, 
pendicular  to  ECj  C  the  place  of  the  eye,  and  let  ab  be  parallel  to  CJS,  then  it 

will  be  that  diameter  of  the  circle  anbm  of  aberration  which  is  seen  most  oblique- 
ly, and  consequently  that  diameter  which  is  projected  into  the  minor  axis  of 
die  ellipse ;  let  mn  be  perpendicular  to  aby  and  it  will  be  seen  directly,  being 
perpendicular  to  a  line  drawn  from  it  to  the  eye,  and  therefore  will  be  the  major 
axis ;  draw  O,  Cbdj  and  ad  is  the  projection  of  ab  ;  and  as  ad  may  be  consi- 
dered as  a  straight  line,  we  have  mn  or  ab^  the  major  axis  :  ad  tlie  minor : :  rad. 
:  sin.  abdy  or  ECd  the  star's  latitude.  As  the  angle  bad  is  the  complement  of 
abdj  or  of  the  star's  latitude,  tlie  circle  is  projected  upon  a  plane  making  an 
angle  with  it  equal  to  the  complement  of  the  star's  latitude. 

512.  As  tlie  minor  axis  da  coincides  with  a  secondary  to  the  ecliptic,  it  must 
be  perpendicular  to  it,  and  the  major  axis  mn  is  parallel  to  it,  its  position  not 
being  altered  by  projection.  Hence,  in  the  pole  of  the  ecliptic,  the  sine  of  the 
star's  latitude  being  radius,  the  ellipse  becomes  a  circle ;  and  in  the  plane  of 
the  ecliptic,  the  sine  of  the  star's  latitude  being  =  0,  the  minor  axis  vanishes, 
and  the  ellipse  becomes  a  straight  line,  or  rather  a  very  small  part  of  a  circu- 
lar arc. 

513.  To  find  the  aberration  in  latitude  and  longitude.     Let  ABCD  be  the     fig. 
earth's  orbit  supposed  to  be  a  circle  with  the  sun  in  the  center  at  j?,  and  con-     Hi. 
ceive  P  to  be  in  a  line  drawn  from  a:  perpendicular  to  ABCD,  and  to  represent 

the  pole  of  the  ecliptic ;  let  S  be  the  true  place  of  the  star,  and  conceive  apcq 
to  be  the  circle  of  aberration  parallel  to  the  ecliptic,  and  abed  the  ellipse  into 
which  it  is  projected ;  let  v  T  be  an  arc  of  the  ecliptic,  and  draw  the  secondary 
PSG  to  it,  and  (511)  it  will  coincide  with  the  minor  axis  bd  into  which  the 
diameter  pq  is  projected  ;  draw  GCxAy  and  it  (511)  is  parallel  to  pq^  and  Ba:D 
perpendicular  to  it  must  be  parallel  to  the  major  axis  ac  ;  then  when  the  earth 
is  at  Ay  the  star  is  in  conjunction,  and  in  opposition  when  the  earth  is  at  C. 
Now  as  the  place  of  the  star  in  the  circle  of  aberration  is  (510)  always  90* 
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before  the  earth  in  its  orbit,  when  the  eiitfa  is  at  Aj  BjC^D  the  apparent  places 
of  the  star  in  the  circle  wiU  be  at  a^p^  c,  q^  or  in  the  eUipse  at  a^  bj  c,  d  ;  and 
to  find  the  place  of  the  star  in  the  drcle  when  the  earth  is  at  any  point  E^  take 
the  angle  pSs = ExBj  and  s  will  be  the  corresponding  place  of  the  star  in  th^ 
circle  ;  and  to  find  the  projected  place  in  the  ellipse,  draw  sv  perpendicular  to 
<Vc,  and  vt  perpendicular  to  Sc  in  the  plane  of  the  ellipse,  and  /  will  be  the 
apparent  place  of  the  star  in  the  ellipse ;  j<Mn  $t  and  it  will  be  perpendicidar 
to  r/,  because  the  projection  of  the  circle  into  the  ellipse  is  in  lines  peipendi- 
cular  to  the  ellipse ;  draw  the  secondary  PvtKj  which  will,  as  to  sense^  coin- 
cide with  r/,  unless  the  star  be  very  near  to  the  {k>le  of  the  ecliptic  ;  ther^xe 
the  rules  here  given  will  be  sufficiently  accurate,  except  in  tliat  case.  Now  n 
cvS  is  parallel  to  the  ecliptic,  S  and  i;  must  have  the  same  latitude,  hence  vtn 
the  aberration  in  latitude  ;  and  as  G  is  tlie  true,  and  K  the  apparent  place  tf 
the  star  in  the  ecliptic,  GK  is  the  aberration  in  longitude.  To  find  thoe 
quantities,  put  m  and  n  for  the  sine  and  cosine  of  the  angle  sSc^  or  CrE  fk 
earth's  distance  from  syzygies,  radius  being  unity ;  and  as  (51 1)  the  angle  af 
=  tlie  complement  of  the  star's  latitude,  the  angle  vstzz  the  star's  latitude,  ir 
the  sine  and  cosine  of  which  put  t;  and  w,  and  put  r=Sa  or  Ss  ;  then  in  tiie 
right  angled  triangle  S^^  1  :  m::r  :  srozzrm  ;  hence,  in  the  triangle  vtSj  I  :v 
::  nn  :  tvzzrtm  the  abermtion  in  latitude.     Also,  in  the  triangle  Ssx),  i  :  n::r 

:  i\V=i>f ;  hence,  xv  (IS)  :  iwrn  :  GK=~  the  aberration  in  longitude^  Whea 

w 

the  cmth  is»  \\\  syzygies  wi=:0,  therefore  there  is  no  aberration  in  latitude  ;  and, 
AH  n  i*  then  greatest,  there  is  the  greatest  aberration  in  longitude  ;  if  the  earth 
be  at  J^  or  tlie  star  in  conjunction,  the  apparent  place  of  the  star  is  at  u,  and 
reduced  to  the  ecliptic  at  Hj  therefore  GH  is  the  aberration,  which  dinrinisha 
the  longitude  of  the  star,  the  order  of  the  signs  being  <r  GT ;  but  when  the 
earth  is  at  C\  or  the  star  in  opposition,  the  apparent  place  c  reduced  to  tlie  eclip- 
tic is  at  Fy  and  the  aberration  GF  increases  the  longitude  ;  hence  the  longi- 
tude is  the  greatest  when  the  star  is  in  opposition,  and  least  wlicn  in  conjunc- 
tion. When  the  earth  is  in  quadratures  at  D  or  /J,  then  nr=0,  and  m  is  greatest, 
therefore  there  is  no  aberration  in  longitude,  but  the  greatest  in  latitude  ;  when 
the  earth  is  at  D,  the  apparent  place  of  the  star  is  at  d  and  the  latitude  is  there 
increased ;  but  when  the  earth  is  at  7i,  the  apparent  place  of  the  star  is  at  b  and 
the  latitude  is  diminished ;  hence,  the  latitude  is  least  in  quadratures  before  op- 
position, and  greatest  in  quadratures  after.  From  the  mean  of  a  great  number 
of  observations.  Dr.  Bradley  determined  the  value  of  r  to  be  20\ 

Ex.  1.  What  is  the  greatest  aberration  in  latitude  and  longitude  of  y  Ursce 
yjiinoriSy  whose  latitude  is  75^.  13'  ?  Here  m=  1,  t;=:  ,9669  the  sine  of  75^  13'; 
hence*  20"  x  ,9669=1 9",34  the  greatest  aberration  in  latitude.     For  tlie  great- 
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est  aberration  in  longitude,  n=l,  tt?  =  ,2551  j   hence,  — - —  =78",4  the  great- 

,2551 

est  aberration  in  longitude. 

■ 

Ex.  2.  What  is  the  aberration  in  latitude  and  longitude  of  the  same  star, 
when  the  earth  is  30^  from  syzygies  ?  Here  wi  =  ,5 ;  hence,  19",34  x  ,5=:9",67 
the  aberration  in  laHttide.  If  the  earth  be  30®  beyond  conjunction  or  before 
opposition,  the  latitude  is  diminished ;  but  if  it  be  30°  after  opposition  or  before 
conjunction  the  latitude  is  increased.  Also,  n  =  ,866  ;  hence,  78'',4  x  ,866= 
67",89  the  aberration  in  longityde.  If  the  earth  be  30*^  from  conjunction,  the 
longitude  is  diminished;  but  if  it  be  80®  from  opposition,  it  is  increased. 


Ex.  3.  For  the  Sun^  mziO  and  n=l,  w=il  ;  hence  it  has  no  aberration  in 
latitude,  and  the  aberration  in  longitude  =  r  =  20"  constantly.  This  quantity 
20''  of  aberration  of  the  sun  answers  to  its  mean  motion  in  8'.  7".  30'",  which  is 
therefore  the  time  the  light  is  moving  from  the  sun  to  us  at  its  mean  distance. 
Hence,  the  sun  always  appears  20"  backwarder  than  its  true  place. 

The  following  Table  will  render  the  calculation  shorten 
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TTie  Argument  for  the  Longitude  is.  Long.  Sun— Long.  Star.    The  Argu- 
ment for  the  Latitude  is,  Long.  Sun— Long.  Star— 3  Signs. 


I 


s 

O.  VI. 

—  + 

I.  VII. 

—  + 

II.  VIII. 

-  + 

1 

0 

20", 

0 

17' 

32 

10" 

0 

30 

1 

20, 

0 

17, 

14 

9, 

70 

29 

a 

19, 

99 

16, 

96 

9, 

39 

28 

3 

19, 

97 

16, 

77 

9. 

8 

27 

4 

19, 

95 

16, 

58 

8, 

77 

26 

5 

19, 

92 

16, 

38 

8, 

45 

25 

6 

19, 

89 

16, 

18 

8, 

13 

24 

7 

19, 

85 

15, 

97 

7, 

81 

23 

8 

19, 

81 

15, 

76 

7, 

49 

22 

9 

19, 

75 

15, 

54 

7, 

17 

21 

10 

19, 

70 

15, 

32 

6, 

84 

20 

II 

19, 

63 

15, 

9 

6, 

51 

19 

12 

19, 

56 

14, 

86 

6, 

18 

18 

13 

19, 

49 

14, 

63 

5, 

85 

17 

14 

19, 

41 

14, 

39 

5, 

51 

16 

15 

19, 

32 

14, 

14 

5, 

18 

15 

16 

19, 

23 

13, 

89 

4, 

84 

14 

17 

19, 

13 

13, 

64 

4, 

50 

13 

18 

19, 

2 

13, 

38 

4, 

16 

12 

19 

18, 

91 

13, 

12 

3, 

81 

11 

20 

18, 

80 

12, 

86 

3, 

47 

10 

21 

18, 

67 

12, 

59 

3, 

12 

9 

22 

18, 

54 

12, 

21 

2, 

78 

8 

23 

18, 

41 

12, 

4 

2, 

44 

7 

24 

18, 

27 

11, 

76 

2, 

9 

6 

25 

18, 

13 

11, 

47 

1, 

74 

5 

26 

17, 

98 

11, 

18 

1, 

40 

4 

27 

17, 

82 

10, 

89 

1, 

5 

3 

28 

17, 

66 

10, 

60 

0, 

70 

2 

29 

17, 

49 

10, 

30 

0, 

35 

1 

30 

17, 

32 

10, 

0 

0, 

0 

0 

XI. 

+ 
V. 

X. 

+ 
IV. 

IX. 

+ 
III. 
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To 


find  the  aberration  in  j  j^^* ,    ^  ?  ,  multiply  the  quantities  taken  from 


this  Table  byJ^fJJf^H  of  the  star's  latitude. 

•^  ^  sine     y 


Ex.  Let  the  longitude  of  the  sun  be  7*.  5^  18',  the  longitude  of  a  star  5\  18^ 
14',  and  its  latitude  31°.  10'. 


7'.    S".   18' 
5.    18.     14 

1.     17.     4 

SI.  10  sec 

-   -13*,62 
1,169 

Aberration  in  Longitude     - 

-15,92  Product 

817 


1  M  7°.  4'  -  3»  =  lOM  7^  4'      -  14'',65 

31*  10  sine    -    -    -    .        0,5175 


Aberration  in  Latitude    « 


—  7,58  Product. 


514.  When  the  earth  is  at  A^  the  star  is  in  conjunction,  and  its  ^)parent 
place  at  a  ;  therefore  the  angle  Aa:^  described  by  the  earth  from  conjunction, 
OF  the  angle  sSa^  shows  the  elongation  of  the  star  from  the  sun. 

To  find  the  aberration  in  Right  Ascension  and  DecUnationy  we  shall,  in  part, 
follow  the  method  given  by  M.  Caonoli  in  his  Trigonometry,  as  being  the 
most  convenient  for  practice,  and  from  which  M.  de  Lambre  has  computed  a 
set  of  Tables,  by  which  the  aberration  may,  at  any  time,  be  very  readily  found. 

515.  To  find  the  aberration  in  Declination.  Let  abed  be  the  ellipse  of  abeiv 
ration,  and  P  the  pole  of  the  ecliptic,  as  described  in  the  last  figure  ;  on  the 
major  axis  ac  describe  the  circle  apcq^  which  we  will  now  suppose  to  lie  in  the 
plane  of  tlie  ellipse,  and  then  every  point  of  this  circle  will  be  prcgected  into  the 
same  point  of  the  ellipse  as  before ;  let  ii  be  the  pole  of  the  equator,  and  per- 
pendicular to  RS  draw  the  diameter  MN  oS  the  ellipse ;  also  draw  BMC^ 
y^fT  perpendicular  to  ac,  smd  FS,  will  be  the  corresponding  diameter  of  the 
circle  ;  draw  FS  perpendicular  to  j8F,  FQJ)  perpendicular  to  oc,  and  QfT  per- 
pendicular to  MS;  from  any  point  X  let  &11  JCil£: perpendicular  to  m;  draw 


FI0« 
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Xz^  stj  perpendicular  to  jB  F  and  MN  respectively,  and  sv  an  ordinate  to  the 
diameter  MN. 

516.  As  the  point  F  of  the  circle  lies  at  the  distance  of  90^  from  the  dia^ 
imeter  JBF,  the  diameter  FSf  will  be  projected  into  a  diameter  QSr  which  will 
be  conjugate  to  MSN^  and  therefore  a  tangent  at  Q  is  parallel  to  MN ;  hence, 
QH  is  the  greatest  perpendicular  on  MN^  and  consequently  it  is  the  greatest 
aberration  in  declination ;  for  as  MN  is  the  projection  of  B  F,  which  is  per- 
pendicular  to  the  circle  of  declination  RS^  there  can  be  no  aberration  in  MN; 
also  St  is  the  aberration  in  declination  at  any  point  s.  Now  when  the  apparent 
place  of  the  star  is  at  Oy  the  star  is  (513)  tiien  in  conjunction  ;and  as  the  mo- 
tion of  the  sun  is  (510)  equal  to  the  motion  of  the  star  in  the  circle  apcq^ 
whilst  the  star  moves  from  ^  to  Q  in  the  ellipse,  its  motion  in  the  circle  would 
be  XF,  which  therefore  represents  the  sun's  motion  in  the  same  time,  or  the 
motion  from  the  time  when  the  star  is  at  ^  to  the  time  when  the  aberration  in 
declination  is  the  greatest.  Also  (514),  the  arc  Fa  shows  the  elongation  of 
the  star  from  the  sun  when  ^le^tar  appears  at  Q,  and  Xa  the  elongation  when 
Bis. 

517.  When  the  star  is  at  ^,  st  is  the  aberration  in  declination  ;  and  as  the  po* 
sition  of  St  to  sv  is  constant,  st  varies  as  sv  ;  but  sv  is  the  projection  of  Xe,  and 
therefore  in  a  given  ratio  to  it  j  hence,  st  varies  as  Xz  the  sine  of  XF,  or  cosine 
ofXF;  that  is,  the  aberration  in  declination  at  any  time  is  as  the  cosine  of  the 
sun's  distance  from  the  point  where  it  was  when  the  aberration  in  declination 
was  the  greatest. 

To  find  QHy  we  have,  by  the  property  of  the  ellipse,  QHx  SMzzSdxSc; 

hence,^=  ^  =  ^^""^^  =  (because  ^  =  *^^- ^^1  CMxBS^CM^ 
'  Sc  -  SM^SMx  Bs^    ^^^  CB       Tq^SB)  SMx  CB^M 

¥ided  by>— .=   . '  ;  consequentiy  QH  :  c5::sin.  MSa  :  sin.  BSay.^in^ 

BS      sin.  BSa  ^        -^ 

PSR  :  COS.  FSa  ;  hence,  Qg^  20  x  sin.  P5Ji  ^^^  greatest  aberration  in  de- 

Qos,  FHa  ■ 

clination. 

KG.        518.  Let  P  be  the  pole  of  the  equator  QEfV^  O  the  pole  of  the  ecliptic 

US.     CEV,  5  the  place  of  the  star,  PS  AM  a  circle  of  declination,  OSL  a  circle  of 

latitude;  then  L  has  the  same  longitude  as  the  star,  and  therefore  (513)  it 

marks  the  place  of  the  sun  when  the  aberration  in  latitude  is  nothing.     Stew 

the  circle  STR  perpendicular  to  PSA,  and  T  will  be  the  p^ce  of  the  sun  when 

"^^     the  aberration  in  declination  is  the  greatest ;  for  by  Conies,  WN  :  WYv.  Sb  : 

•     Sp::  (511)  sin.  star's lat.  ;  rad,  also,  WN  :  J^F::tan.  NSTF,  or  PSR,  :  tan. 


/ 
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YSWj  or  cot.  FSa  ;  hence,  sin,  star's  lat.  :  rad. ::  tan.  PSR  :  cot  FSa.  .  But  fig. 
sin.  SL  (the  star's  lat.)  :  rad. ::  cot.  TSLy  or  tan.  LSMy  •  cot.  TL  ;  hence,  US. 
the  three  first  terms  in  these  two  last  proportions  being  respectively  equal,  the 
arc  aF  (Fig.  112)  =  TL  (Fig.  113);  and  as  aF  represents  the  motion  of  the  sun 
from  the  time  when  the  aberration  in  declination  is  the  greatest  to  conjunction, 
and  L  represents  the  place  of  the  sun  at  conjunction,  7*  must  be  the  place  at 
the  greatest  aberration.     Hence,  by  the  last  Article,  the  greatest  aberration  in 

declination  =  ?^^  ^  sin>y  L^     g^^  j^  the  triangle  STLy  cos.   TSL,  or  sin. 

COS.  IjI 

ilf*SX,  =  sin.  LTSx  cos.  LT  ;  hence,  the  greatest  aberration  in  declination  be- 
comes 20"  X  sin.  LTS.     Also,  in  the  triangle  ETRy  sin.  ETRj  or  sin.  LTSy=: 

sin.    ^iJxsin.    ERT 


sin.  ET 


=  (because  the  measure  of  ERT  is  AS^  and  AE  is  the 


complement  of  ER)  — -^ — ; — ==^ .     Hence  we  get  the  greatest  aberration 

in  declination  =  20"  x  cos.  right  ascension  x  sin.  dec.  divided  by  the  sin.  of 
the  sun's  longitude  at  the  time  when  the  aberration  is  greatest  subtractive. 
Therefore,  as  the  aberration  at  any  other  time  is  (517)  as  the  cosine  of  the  sun's 
distance  from  that  place  where  it  was  when  the  aberration  was  the  great- 
est, if  L  be  the  sun's  longitude  at  the  time  of  the  greatest  aberration  in 
declination  subtractive,  S  its  longitude  at  any  other  time,  A  the  star's  right 
ascension,  D  its  declination,  O  the  obliquity  of  the  ecliptic,  the  aberration  at 

tliat  time  —   —  20'  x  cos.  A  x  sin.  D  x  cos.  L  —  S  _ 

sin.  L  '"  ' 

—  20"  X  COS.  A  X  sin.   D  x  cos.  L  x  cos.  S  +  sin.  L  x  sin.  S      ^  cos. 
p — = =  (because  — :— 


sin.  L  sin.    L 

=  cot.  i)  — 20"xcos.  ^xsin.   Z)  x  cot.   ixcos.    -S— 20"xcos.  -4xsin.   D 

X  sin.  S.     But  (Trig.  Prop.  XLV. )  cot.  ET,  or  cot.  j:--Cot>   ERT  x  sin.  E 

sin.  ER 

4- COS.   E  X  cot.  JSiJ=(because  cot.  ER:=,  —tan.  A)  — • ^^^-r^ cos.  O  x 

"^  cos.  A 

tan.^ ;  hence,  the  aberration  in  declination  becomes-  20"=sin.Z)xcos.*S'xcot.Z) 

x  sin.  O  +  20'  X  cos.  A  x  sin.  D  x  cos.  S  x  cos.  O  x  tan.  A  —  20"  x  cos.  A  x  sin.  D  x 

sin. 5  =z  (because  sin.Z)  x  cot.  Z)==cos.  Z),  and  cos.^  x  tan.^  =srn.i4)  -  20"  x  sin. 

O  x.cos.  D  X  cos.  *y  +  20"  X  cos.O  x  sin.  A  x  sin.  D  x  cos.  5—  20"  x  cos.^  x  sin.  D 

.  .    ._ K 

X  sin.*y=  —  20"  X  sin.O  x  cos.Z>  x  cos.5—  20"  x  sin.  D  x  cos.  J  x  sin.  5  —  cos.O  x 
sin.  A  X  COS.  *S'.      For  south  declination  we  must  change  the  signs.     But  by 
Trigonometry,  cos.  D  x  cos.  *S'=^  cos.  5  +  jD  +  ~  cos.  jS- A  and  cos.  A  x  sin. 
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Ss:^  sin.  A  +  S'-^  an.  ^4— A', also  sin.  A  xcos.  S=|  sin.  A  +  S+l  sin.  ^  —  6'; 
hence,  the  aberration  in  DecUnaUon=. 


+  10°xl+co8.  Oxain.  ■<<— A'x8in..D\        /^  +  19",17  x  sin.   A  -S  x  an.  i) 

-  lO"  X  1  -  COS.  0  X  sin.  ^  +  A'  X  ain.i)f        j  -  0, 83  x  sin.   X+i»^x  sin.  D 
~lCCxwa.Ox  COS.  5-i>  \  ~  i ""   3,  98  x  cos.  S-D 

-  10"  X  sin.  O  X  COS.  5  +  jD.  /        '-    3,  98  xcos.  A'  +  iJ. 

The  two  last  terms  must  have  their  signs  changed,  when  the  declination  is 
south. 

519.  To  find  the  sun's  place  when  the  aberration  is  the  greatest,  we  have 
in  the  triangle  LST,  sin.  SL  :  rad.::  cot.  TSL  :  cot  I'L;  therefore  knowing 
the  longitude  of  the  star,  or  of  the  point  X,  the  longitude  of  T  the  place  of  the 
sun  is  known.  Hence,  we  find  the  sun's  longitude  when  the  aberration  is  great- 
est suhtractive. 
FIG.  520.  To  find  the  aberration  in  Right  Ascension.    Let  S  be  the  tnie  place  of 

1^^'  the  star,  o^c^thc  eUipse  of  aberration,  apcq  the  circumscribing  circle,  P  the 
pole  of  the  ecliptic  and  jR  that  of  the  equator,  and  let  MSN  be  a  conjugate 
diameter  to  ASB;  draw  FNC,  JDiiK  perpendicular  to  ca,  join  KS,  draw  CSK 
which  must  be  perpendicular  to  FS^  and  draw  MG  perpendicular  to  AB ;  also. 
Scorn  any  point  Q  draw  Qf^  perpendicular  to  ca,  and  QT",  sv  perpendicular  to 
SVt  SA  respectively,  and  sr  an  ordinate  to  the  diameter  AB.  Now  it  is  ma- 
nifest, that  A  is  the  apparent  place  of  the  star  when  tlie  aberration  in  right  as- 
cension is  nothing,  and  M  when  it  is  greatest,  because  a  tangent  at  M  is 
parallel  to  AB.     By  the  property  of  the  ellipse,  MG  x  AS^dSxcS,  therefore 

AS  :  cS  or  SV-.-.dS.MG;  heace,^  :^:.dS  :  MG  ;    but  AD  :  dS  :: 

VD    AD 

'■  -jy ::Sq  :  MG,  that  is,  the  sine  of  Va  ;  the  sine  rf 

ASa^  or    cos.   PSR, : :  20"  :  MG  ^  ■ — t? ,  the  greatest  aberration 

in  right  ascension.    If  the  star  be  at  any  other  point  s,  then  sv  is  the  aberra- 
tion in  right  ascension ;  but  ^  is  in  a  given  ratio  to  «r,  and  sr  is  in  a  given 
ratio  to  QT,  because  QT  is  projected  into  sr  ;  hence,  sv  varies  as  QTlhe  sine 
of  QVy  or  cosine  of  KQ  the  distance  of  the  sun  ftom  that  point  where  it  was 
PIG.     when  the  aberration  was  greatest.     Now  tan.  ASD^  or  cot.  PSR  :  tan.  VSa:: 
113,     (AD  :  VD::)  sin.  star's  lat  :  rad.  (511);   but  tan.  ML  :  tang.  MSLiiein, 
IJ*'     star's  lat.  :  rad.  hence,  as  PSB=MSLy  the  tang.  F&xtan.  XM  is  constaBt* 
therefore  LM  is  the  complement  of  VSa;  hence,  iM=Xa  the  elongaUoQ 
of  the  sun  from  the  star  when  the  iibemtion  ia  greatest ;  therefore  M  di 
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the  place  of  the  sim  at  that  time ;  the  longitude  of  which  put  ^=:  X  at  die 
time  when  the  aberration  is  greatest  subtractive.  Hence,  the  greatest  aber- 
ration in  riirht  ascension  = ^— .     This  is  the  aberration  at  the 

^  cos.  LM 

star,  and  therefore  reduced  to  the  equator  it  (13)  becomes     ^^  ^  ^^^  ^^'^^ 


cos.  ML  X  COS.  SA 


But --_-=: sin.  Mrz--. i-7-r,=-: y?  therefore  the  greatest  aberra-     w^* 

COS.  ML  sni.  MJb     sm.  L  "^  113, 

tion  subtractive  becomes  — — -r — r^ — =-;  hence,  the  aberration  in  riffht  ascen- 

cos.  D  X  sin.  L 


sion    at    any  other    time  =:=1^^«'°-    ^  ^  ^«'-    ^-"^      -20' x  sin.    A 


COS.  2)  X  sin.  L  cos.  D  x  sin.  2/ 


X  cos.  L  X  COS.  -S'  +  sin.  L  x  sin.  A'= 

—  20"  X  sin.  A  X  cot.  i  x  cos.  i?—  20"  x  sin.  >4  x  sin.  S 


=  (because  cot.  in  cos. 


O  X  cot.    A) 


COS.  Z) 
—  20"  X  sin.   A  X  COS.   S  x  cos.   O  x  cot.   A  —  20"  x  sin.   A  x  sin.  iS 

COS.  D 
_  —  20^  X  COS.   O  X  COS.   S  X  COS.  A  —  20"  x  sin.  A  x  sin.  .9     j^       -r 

""  COS.  jD  *  ^^ 

ment  -4  by  90%  or  3  signs,  the  numerator  of  this  fraction  becomes  the  same 
as  the  coefficient  of  sin.  D  in  the  aberration  of  declination,  because  the  sin.  A 

zzcos.  A-^SSy  and  cos.  -4  =  sin.  A-i-Ss.     But  to  reduce  this  further,  we  have 

cos.  -4xcos.  5=i  COS.  A-i-B-^-^  cos.  A-^B^  and  sin.  -4xsin.  Szz^  cos. 

A  --  B  —  ^  COS.  A  +  B ;    hence,  the  aberration  in  Right  Ascension  =  — 

10"  X  1  4-  cos.  O  X  cos.  2^  — iV— 10"  X  1  —  cos.  O  x  cos.  A  +  S_  _ 

COS.  D  "** 


19",17  X  COS.  -4  —  5  — 0",83  X  cos.  -4  -f  5  x  sec.  D. 

521.  As  3/(520)  is  tlie  place  of  the  sun  when  the  aberration  in  right  ascen- 
sion is  the  greatest,  we  have,  cos.  AEM  :  tan.  AE  the  star's  right  ascension 
::  rad.  :  tan.  J5J/ the  sun's  longitude.     Hence  we  can  find  the  sun's  longitude 
when  tlie  aberration  is  greatest  subtractive. 


522.  From  these  expressions  for  the  aberration  in  right  ascension  and  decli-^ 
nation,  M.  de  Lambre  has  computed  the  following  Tables,  by  which  tlie  aber- 
ration of  a  star  at  any  time  may  be  very  readily  found. 


^rot.  r.  T  t 


GENERAL  TABLES  FOR  THE  ABERRATION  OF  THE  FIXED  STARS' 


Table  I.     Arf, 

.A-S 

T.uiLE  n.     A. 

g.A  +  S 

Tab.IIL  Arg.4  + 

d&s-d\ 

s 

0.  VI. 

I.  Vl[. 

ll.Vlll. 

s 

s 

O.Vl. 

I.Vll. 

ll.Vlll. 

s 

s 

0.  VI. 

I.Vll. 

H.VIII 

s 

D 

-     + 

-     + 

-    + 

D 

D 

0 

+   — 

+     - 

+    - 

D 

_ 
30 

D 

-     + 

—    -I- 

—     + 

D 

0 

19",  17 

16 ',60 

9,59 

30 

0",83 

0",72 

0",41 

0 

3",98 

3",45 

l-,99 

30 

I 

19,17 

16,43 

9,.30 

29 

1 

0,83 

0,71 

0,40 

29 

1 

3,98 

3,42 

1,93 

29 

3 

19,16 

16,26 

9,00  |28 

2 

0,82 

0,70 

0,39 

28 

3,98 

3,38 

1,87 

28 

S 

19,15 

i6,oa 

8,70 

27 

a 

0,82 

0,69 

0,38 

27 

3 

3,98 

3,34 

1,81 

27 

i 

19,13  ;  15,89 

8,40 

26 

4 

0,S2 

0,08 

0,37 

26 

4 

3,97 

3,30 

1,75 

26 

5 

19,10 

15,71 

8,10 

25 

^ 

0,82 

0,07 

0,35 

25 

3,97 

3,20 

1,68 

25 

6 

19,07 

15,51 

7,80 

24 

ej    0,82 

0,67 

0,33 

24 

6 

3,96 

3,22 

1,62 

24 

7 

19,03 

15,31 

7,49 

23 

7     0,82 

0,66 

0,32 

23 

7 

3,95 

3,18 

1,56 

23 

8 

18,99 

15,11 

7,19 

22 

8!    0,82 

0,65 

0,30  '22 

8 

3,94 

3,14 

1,49 

22 

9 

18,94 

14,90 

6,87 

21 

9;    0,82 

0,04 

0,29  |21 

9 

3,93 

3,10 

1,43 

21 

10 
11 

18,88 

14,69 

0,56 

20 

10 
U 

0,82 

0,63 

0,28 

20 

10 

3,92 

3,05 

1,36  j20[ 

18,82 

14,47 

6,24 

19 

0,82 

0,02 

0,27 

19 

11 

3,91 

3,01 

1,30 

19 

\'/ 

18,75 

14,25 

5,93 

18 

12 

0,82 

0,01 

0,25 

18 

12 

3,90 

2,97 

1,23 

18 

13:18,68 

14,02 

5,01 

17 

13 

0,81 

0,01 

0,24 

17 

13 

3,89 

2,92 

1,17 

17 

14  1 8,60 

13,79 

5,28 

16 

14 

0,81 

0,00 

0,23 

10 

14 

3,87 

2,87 

1,10 

16 

15  16,52 

13,56 

4,96 

15 

IS 

O,80 

0,58 

0,22 

15 

IS 

3,85 

2,82 

1,03 

15 

16  18,43 

13,32 

4,64 

14 

16 

0,80 

0,57 

0,20    14 

U 

3,83 

2,77 

0,97 

14 

17,  18,33 

13,08 

4,31 

13 

17 

O,80 

0,50 

0,19 

13 

17 

.3,61 

2,72 

0,90 

13 

18  18,23 

12,83 

3,99 

12 

18 

0,79 

0,55 

0,17 

12 

18 

3,79 

2,67 

0,83 

12 

19|  18,13 

12,58 

3,06 

11 

19 

0,78 

0,54 

0,15 

U 

19 

3,77 

2,02 

0,76 

11 

20 

18,02 

12,32 

3,33 

10  50 

9!'21 

0,78 

0,53 

0,14 

10 

20|    3,74 

2,50 

0,69 

10 

21 

17,90 

12,07 

3,00 

0,77 

0,52 

0,12 

9 

2l[    3,72 

2,51 

0,03 

9 

22117,78 

11,80 

2,67 

8  22     0,70 

0,51 

0,11 

8 

22,    3,70 

2,46 

0,56 

6 

23  17,65 

1 1 ,54 

2,34 

7,23     0,76 

0,.!0 

0,10 

7 

23     3,67 

2,40 

0,49 

7 

24' 17,52 

11,27 

2,00 

6  24     0,75 

0,49 

0,09 

6 

24     3,64 

2,34 

0,42 

6 

25,  17,38 

11,00 

1,67 

5,25,    0,75 

0,47 

0,07 

5 

25 

3,61 

2,28 

0,35 

5 

26;  17,23 

10,72 

1,34 

4,20     0,75 

0,46 

0,00 

4 

20 

3,58 

2,23 

0,28 

4 

27i  17,08 

10,44 

1,00 

3  27     0,74 

0,45 

0,05 

3 

27 

3,55 

2,17 

0,21 

3 

28;  16,93 

10,16 

0,07 

2  2.S|    0,73 

0,44 

0,03      2 

28 

3,52 

2,11 

0,14 

2 

29  16,77 

9,87 

0,33 

1  29j    0,72 

0,43 

0,02   1    1 

29 

3,49 

2,05 

0,07 

1 

30 

16,60 

9,59 

0,(X) 

0  30 

0,72 

0,41 

0,00  1  0 

SO 

3,45 

1,99 

0,00 

0 
D 

D 

-     + 

—     + 

—     + 

+     — 

+     - 

+     -'D  D 

-     + 

—     + 

^ 

M.  V. 

\.  IV. 

X.  Ill, 

s 

S 

.M.V. 

-\.  1  \  . 

L\.  III.IS     S 

XI.  V. 

.X.  IV. 

X.  111. 
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USE  OF  THE  TABLES. 


Arzihe  ncrht  asccnsion>    ^^.k^  ^4.^^ 
«  I    of  the  star 

D  =  the  dechnation        > 
iS= the  longitude  of  the  sun. 

Enter  Table  I.  with  tlie  argument  A^-Sy  and  Table  II.  mth  A  +  S^  and 
the  sum  of  the  two  corresponding  numbers  multiplied  by  the  secant  of  D  will 
be  the  aberration  in  Right  Ascension. 

Enter  Table  I.  with  the  argument  A^-S  +  S  signs,  and  Table  II.  with  A-^-S 
-f  3  signs,  and  the  sum  of  the  two  corresponding  numbers  multiplied  by  the 
sine  of  D  will  be  the  first  part  of  the  aberration  in  declination. 

Enter  Table  III.  with  the  arguments  S+D  and  5—2),  and  you  will  Iiave 
two  other  parts  of  the  aberration  in  declination ;  and  the  sum  of  these  three 
parts  will  give  the  whole  aberration  in  Declination. 

If  tlie  declination  of  the  star  be  South,  add  six  signs  to  5  +  2>  and  S-^D. 


Ex.  To  find  the  aberration  of  a  Aqiiilcc^  on  May  10,  1795,  at  12  o'clock  in 
the  evening. 

-4  =  9*.  25^  12' 
iS=l.  20.  12 

A-S=z  8.     5.     0  Table  I +8,1 

^+5=11.  15.  24  Table  II +0,8 

+  8,9 
2)  =  8°.  20' secant 1,011 

Aberration  in  Right  Ascension +8, 998  Product. 


694  01^  tilt:  A^ERRATIOII  OF  LlOHT. 

A --S-^ 3  signs    .     IV.   5^   0'  Table  L    -    -     -17",38 
-rf-f  5'+3  signs    *       2.  15.  24  Table  IL  -    -     +0,21 


-17,17 
JO=0*.   8^  2(f  sine    - 0, 145 

S  szl.  20.   12  


-   2, 49  Product. 


-S+Dsrl*.  28^32' Table  III -2,08 

5-2>=l.   11.  52  Table  m -   2,97 


Aberration  in  Declination    -.-***-      -7, 54 


If  the  star's  declination  had  been  souths  then 

S^D  +  6  signs = 7*.  28^  32'  Table  III.  -  -  +  2'',08 
S^D  +  6  signstt?.  H.  52  Table  III.  -  -  +  2, 97 
First  Part -2,49 


Aberration  in  i^dlmalf on +2,56 


The  aberration  of  a  star  applied  to  its  apparent  place  gives  tiie  true  place* 

523k  Ot  the  aberration  of  a  star  may  be  thus  found : 

For  tlie  Aberration  in  Longitude. 

Cosin.  lat.  :  rad. : :  20* :  3/,  or  maximum. 

Aberration  is  0  tedding  to  excess  when  the  sun's  longitude  is  3'  greater  than 
that  of  the  star  \  or  the  argument  of  aberration  is = the  sun's  lozig*  -  the  star's 
long.  -  3*. 

For  the  Aberration  in  Latitude. 

Had.  :  sin.  lat. : :  20"  :  3/,  or  maximum. 

Aberration  is  O  tending  to  excess  when  tlic  sun's  longitude  is  opposite  that 
X3i  the  star  \  or  the  argument  is  always  the  sun's  long.  -  the  star's  long.  ±  6'. 
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For  tlie  Aberration  in  Right  Ascension. 

Sin.  lat.  ;  rad. ::  cot.  P,  or  i.  position,  :  tan.  Z. 
Cos.  declin.  x  sin.  Z  :  cos.  P  x  rad.  y.W  :  M. 

Starin/«/orfe^quad.oflong.{-;j^N.latO  ^HZ^) 

\with  N  lat  C  ^^^^^  ^°"S-  <  .  «._  zC  ~^ 
Star  in  second  or  tftird  quad,  of  long.  )   >  }>  s  *  1  t*  j  fZ-7-A*\ 

Take  X>^S  so  as  to  be  less  than  6*.  Then  tlie  aberration  in  right  ascension=: 
-Mx  COS.  (X-— 5);  and  if  X~5  be  less  than  3',  the  aberration  is  —  ;  if  greater 
than  3'  it  is  + ,  where  5'= sun's  longitude. 

For  the  Aberration  in  North  polar  distance. 

Sin.  star's  Iftt.  :  tad. ::  tan.  P  :  tao.  Z 
Sin.  Z  :  sin.  P :-.  20" :  M. 

Star  in Jirst  or  last  quad,  of  long,  \^  ?'  i*^)  C  T  ^ZX) 

<^''^^-  ^*H  star's  lonff   ^''■^  +  ^^  -Y 

Star  in  seconder  third  quad,  of  long,  w^  S  '  lat  S  f  X  ^'^^  zN 

Let  5zisun*3  longitude,  and  take  Z-^^  so  as  to  be  ^^  tban  6*.  Then  the 
aberration  in  N.  R  D.=- Af.  x  cos.  {X^S)i  and  if  X^i^be  fc&j  tban  3  signet 
the  aberration  is —  j  if  greater  than  3  signs,  it  is  + . 

The  rule  Br.  Masjkbi-ynjb  thus  investigated-  L&t  iJ  be  line  ppfe  of  the 
equator,  P  that  of  the  ecliptic,  S  the  star,  /  the  place  by  aberration,  Sv  the 
aberration  parallel  to  the  ecliptic,  vt  that  in  north  polar  distance ;  draw  vm 
perpendicular  to  SE^  and  td  to  Evd.  Then  1  (rad.)  :  cos.  PSE::  Sv  :  vm=: 
Sv  X  cos.  PSEy  1  :  sin.  PSE :: Sv  :  Sni=iSv  x sin.  PSE,  1  :  cos.  PSE::  to  : 
vd=rtv  X  COS.  PSEy  1  :  sin.  PSE : :  tv  :  ftfc=to  x  sin.  PSE  ;  hence,  the  aber- 
ration  parallel  to  the  equator =t7»  + fa?  =  (calling  S  the  angle  P&E)  Sv  x  cos.  S 
+ fty  X  sin.  *S,  and  this  divided  by  cos.  Dec.  gives  the  aberration  in  AR  ;  also, 
the  aberration  in  N.  P.  D.rsAm— t;rf=5i;x  sin.  S-^tv  xcos.  S.  But  by  Art. 
S 1 3,  Sv = 20"  X  cos.  (  ©  long.  —  *  Ion.),  and  tvzu^O"  x  sin.  lat.  x  sin.  (  ©  Ion.  —  * 
ion.).      Now  let  sin.  S  :  sin.  lat.  x  cos.  S\\  sin.  Z  :  cos. ::  tan.  Z  :  1,  then  by 

substitution,  the  aberration  in  N.  P.  D.  =  20"x  t-^  x  (sin,  Z.  x  cos.  (©1. 

sin.  ju 
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-♦l.)-cos.   Zxsin.    (0l.- *L)  =  20"x  ^!"'  '^  x  sin.  (©1.—  *1.  — Z). 

sin.  Z 

But  when  (©1.  —  *!.  —  Z)=z 90°,  the  aberration  =  max.  {M)  ;  hence,  sin.  Z  : 
sin.  5::  20"  :  M,  and  in  any  other  case,  the  aberration  =  Af  x  sin.  (©1.  —  ♦!. 
—  Z)  =  Mxcos.  (©1.  —  *1.  —  Z+S  sig.).     Also,  let  sin.  *lat.   :  1:: cot.  jS 
:  tan.  Z;  then  by  substitution,  the  aberration  parallel  to  the  equator  ==  20"  x 

^^^'  ^  X  (sin.  Z  X  cos.  (©1.-  *  1.)  +  cos.  Z  x  sin.  (©1.-  ♦  1.))  =20"  x 


sin.  Z 


^?^*  ^  X  sin.   (©l.-*l. +  Z);   hence,  the  aberration  in   AR- = — 

sm.  Z  cos.  dec. 


20" 


?^  X  sin.  (  ©  1.  —  ♦  1.  +  Z).    But  when  (fe  1.  —  *  1.  +  Z)  =  90°,  the  aberration 


COS.  S 
sin< 

=max.  (3f)  J  hence,  cos.  dec.  x  sin.  Z  :  cos.  S\\  20"  :  AT,  and  in  any  other 
case,  the  aberration  in  AR=iM  x  sin.  (  ©1.  -  *  1.  +  Z)=M  x  cos.  (  ©1.  —  *  1. 
-♦-Z  +  3  sig.).  Putting  the  star  therefore  into  all  the  quadrants,  and  varying 
the  signs  of  the  quantities  accordingly,  we  get  the  different  cases  specified 
above,  as  given  by  Dr.  Maskelyne. 

524.  Dr.  Bradley  has  shown  the  agreement  of  his  theory  with  observation^ 
which  we  shall  here  put  down  for  the  satisfaction  of  the  reader* 


ON   THE   ABERRATION   OF   LIGHT* 


S27 


y  Dracanis, 

1727      D. 


iOct. 

Nov. 
Dec. 


L 


1728 
Jan. 
Feb. 
March 


20 

17 

6 

28 

24 
10 


nj  Q.  u.,;  y  Draconis. 

5  P  X  .' 


4,5 
11,5 
17,5 
25 

34 
38 
39 


r="<  =  11728      D. 

'I 


4 
12 


// 


o  March  24 


April 
1 8, 5  May 

26      June 


34 
37 
39 


6 
6 
5 
15 
3 


:;juiy 

i August  2 
Sep.        6 


37" 
36 


38" 
36,5 


28,5  29,5 
18,5  20 

17,5,17 
11,511,5 


4 
O 


4 
O 


»i  lJrs(£  viaj. 


1727      D. 


5  r-  ^ 


>j  CV^fl:  m/?;. 


1728      D. 


Sep.       1 4  29",  5  28",5  April 


2424,5 
1619,5 
1411,5 
14 


Oct. 

Nov. 
Dec. 

1728 

Feb. 

March  21 'l  1,5 


17i  2 


25, 5 

19,5- 

10,5 

3 


3 
10,5 


Alay 
June 


16 
5 
5 

25 

17 


July 
August  2 
Sep.      20 


18%5 

24,5 

32 

35 

36 

35 

26,5 


rr'^  — 

rt  P  ^ 
C         -i 

•^   ^"  ■ 

<•<   - 


18, 
23,5 

31,5 

34,5 

36 

35^5 

26,5 


Di\  Bradley  further  obsei'ves,  that  in  above  70  observations  made  in  a  year 
on  7  DracofiLsj  there  was  but  one  (and  that  is  noted  very  dubious  on  account 
of  clouds)  which  differed  more  than  2"  from  the  theory,  and  that  did  not  differ 
3\  And  in  about  50  observations  made  in  a  year  on  >»  Ursce  majoris^  he  did 
not  find  a  difference  of  2",  except  in  one  marked  doubtful  on  account  of  the^ 
unduhition  of  the  air,  &c.  and  that  did  not  differ  3".  This  agreement  between 
the  tlieory  and  obse^^^ation  leaves  no  room  to  doubt  but  that  the  cause  is  rightly 
assigned.  And  if  this  be  the  case,  the  annual  parallax  of  the  fixed  stars  must 
be  extremely  small.  "  IbeHevc,*'  says  the  Dr.  "  that  I  may  venture  to  say  that 
in  either  of  the  above-mentioned  stars,  it  does  not  amount  to  2".  I.  believe  if 
it  were  l"  I  should  have  perceived  it  in  the  great  number  of  observations  that  I 
made,  especially  on  y  Draconis ;  which  agreeing  with  the  theory  (without  al- 
lowing any  thing  for  parallax)  nearly  as  well  in  conjunction  with,  as  in  oppo- 
sition to  this  star,  it  seems  very  probable  that  the.  parallax  is  not  so  great,  as  oncv 


328 


OS  rut   /IBERIIATIOM  OF  LlOnT. 


single  second ;  and  consequently  that  it  is  above  400000  times  further  from  us 
tlian  the  sun."  The  observations  of  Mr.  Flamstead  of  the  different  distances 
of  the  pole  star  from  the  pole  at  different  times  of  the  year,  and  which  was 
looked  upon  as  a  proof  of  its  annual  parallax,  was  undoubtedly  owing  to  this 
cause.  For  he  concluded  that  the  star  was  35",  40**  or  45"  nearer  the  pole  in 
December  than  in  May  or  July ;  and  according  to  this  hypothesis,  it  ought  to 
appear  40"  nearer  in  December  than  in  June.  This  agreement  is  greater  than 
could  have  been  expected  from  observations  made  with  his  instrument. 

525.  Hence  Dr.  Bradley  deduced  the  following  conclusions.  1.  That  the 
light  of  all  the  fixed  stars  arrives  at  the  eartli  with  equal  velocities;  for  the  ma- 
jor  axis  of  the  ellipse  is  the  same  in  all  the  stars,  that  is  40"  according  to  his 
last  determination.  2.  That  imless  their  distances  from  us  are  all  equal,  which  is 
very  improbable,  their  lights  are  propagated  uniformly  to  all  distances  froni 
them.  3.  Tliat  light  moves  from  the  sun  to  the  earth  in  8'.  7%5,  and  its  velo- 
city  is  to  the  velocity  of  the  earth  in  its  orbit  as  10314  :  1.  4.  Tliat  the  time 
thus  determined  can  scarce  err  from  tlie  truth  by  above  5^  or  10"  at  most,  which 
is  such  a  degree  of  exactness  as  can  never  be  expected  from  the  eclipses  of  Ji/- 
piter's  satellites.  5.  That  as  this  velocity  of  star  light  comes  out  about  a  mean 
of  the  several  velocities  found  from  tlie  eclipses  of  Jupiter's  satellites,  we  may 
reasonably  conclude  that  the  velocities  of  these  reflected  lights  are  equal  to  the 
velocity  of  direct  light.  6.  And  as  it  is  highly  probable  that  the  velocity  of 
the  sun*s  emitted  light  is  equal  to  that  of  star  light,  it  follows  that  its  velocity 
is  not  altered  by  reflection  into  the  same  medium. 


On  the  Aberration  of  Light  in  the  Planets. 

^Q^         526*  Let  She  the  sun,  Tthe  earth,  P  the  corresponding  place  of  the  planet, 
1 15,     and  let  us  suppose  T/  to  be  the  direction  in  which  tlie  earth  is  moving,  parallel 
to  which  draw  PQy  and  whilst  light  moves  from  P  to  T  let  PQ  be  equal  to  the 
space  through  which  the  earth  has  moved,  and  (504)  Q  is  the  apparent  place 
of  tlie  planet.     Now  let  Pp  be  the  motion  of  the  planet  in  the  same  time,  tlien 
Q  being  the  apparent  and  p  the  corresponding  true  place,  the  angle  QT'p  is  the 
aberration  arising  from  the  progressive  motion  of  light  and  the  motion  of  the 
planet.     As  PQ,  Pp  represent  the  motions  of  the  earth  and  planet,  Qp  repre- 
sents their  relative  motion ;  hence,  tlie  motion  of  the  planet  about  the  earth  in 
the  time  in  which  light  comes  from  the  planet  to  the  earth,  is  the  aberration. 
Let  ST:=i  1,  PT^dj  wisitlie  angle  described  by  the  planet  about  the  earth,  or 
its  geocentric  motion,  either  in  latitude,  longitude,  right  ascension,  or  declina- 
tion, in  24  hours;  then  1  :  rf::8'.  1\5  :  8'.  7",5  d  the  time  light  is  moving 

from  P  to  Tf  consequently  24*.  :  8',  r,5dv.m  :  the  aberration=  — '^'^f-— = 

24yi« 
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0,00564  dm.  Tims  we  ^nd  the  aberration  of  a  planet  either  in  latitude,  longi- 
tude, right  ascension  or  declination.  The  geocentric  motion  may  be  taken 
from  the  Nautical  Ahnanae^  and  the  distance  need  not  be  calculated  to  any  very 
great  degree  of  accuracy.  We  may  also  further  observe,  that  when  wi=:0,  or 
the  jdanet  is  stationary,  tlie  aberration  becomes  equal  to  nothing. 

Ex.  1.  On  May  1,  1791,  at  noon,  what  is  the  aberration  in  longitude  of 
Mars  ? 

Here  6'P=:  1,5237  the  mean  distance,  the  longitude  of  the  sun  is  1*.  11% 
and  the  geocentric  longitude  of  Mars  is  O*.  29°.  19';  hence,  the  angle  PTSzz 
11^.  41',  and  consequently  Pr=  2,489  =  rf;  also,  w  =  44'.  50"  =  2690"  from  the 
Nautical  Almanac  ;  hence  0,00564  dwi:?:37'J  the  aberration  in  longitude, 

Ex.  2.  For  the  Moon^  rf= 0,00253  the  mean  distance,  wf=13°.  10'.  SS!"  ^ 
47435"  the  mean  diuinal  motion;  hence,  0/X>564  dmzzO\67  the  aberration, 
which  is  so  small  that  it  may  be  neglected. 

527-  Dr.  Maskelyne  observes,  that  since  a  planet,  as  affected  by  aberra- 
tion, appears  in  the  place  where  it  sliould  have  appeared  at  the  instant  of  the 
emission  of  its  light,  exclusive  of  this  cause  of  error,  it  follows  that  the  most 
simple  as  well  as  the  most  elegant  method  of  computing  the  apparent  geocen- 
tric place  of  a  planet,  is  to  compute  its  geocentric  place  by  the  common  rules 
for  that  instant  which  precedes  the  given  time  by  the  interval  of  time  taken  up 
by  light  to  move  from  tlie  planet  to  the  earth.  For  this  purpose  the  distance 
of  tlie  planet  need  not  be  computed  very  accurately,  and  then  the  time  may  be 
found  by  Table  XXTI.  at  the  end  of  Volume  II.  The  sun's  longitude  must 
be  computed  with  the  epoch  of  its  mean  longitude  advanced  by  20",  because 
it  always  appears  so  much  too  backwai'd  in  the  ecliptic  by  aberration,  and  the 
Tables  have  been  constructed  without  making  any  correction  on  this  account, 
and  consequently  they  show  the  epoch  of  the  mean  longitude  20"  too  little. 

528.  If  we  suppose  the  planet  and  earth  to  describe  circles  which  lie  in  the 
same  plane,  which  will  make  no  sensible  difference,  then  if  in  Tt  produced 
we  take  ET-PQ^  and  draw  Pa  parallel  to  pTy  the  angle  EPa=ipTQ 
the  aberration;  draw  also  'lur  parallel  to  Pp.     By  Art.  506.  the  angle  TPE 

rzsin.  E  X  20';  also,  sin.  E  :  sin.  ErT::  Tr  :  TE::  Tu  :  yg#--sm.  Jr^^  ^^ 

sm.  E 

hence,    Ea=2TEi:^^^:  ^^^ x  Tti,    consequently  TE  :  Ea^TE^^^^:  ^^J 

sm.  E  sm.  E 

*  This  is  not  accurately  tnie,  because  ua  is  not  strictly  parallel  to  rE,  but  sufficiently  &o  for  all 
practical  purposes,  as  the  an«;]e  EPT  is  very  small. 

you  r.  u  u 
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xTu:\ar\g\e  TPi;  :  angle  EPa::sin.  JE  x  20"  :  angle  E  Pa  :=:sin.  Ex  20"  t 
sin.  ErTx  Tu 


TE 


x20"j    but  TE  :  2'm  ::  velocity  of  the  eartli  :  velocity  of  the 


planet : :  ^.^P  :  v/  1 ;  *  also,  sin.  JS,  or  PTt^  =  cos.  STP^  and  sin.  ErTy  or  EPp 
=:cos.  !SPK^  or  SPT ;  hence  by  substitution,  the  angle  jE Pa  =  cos.  ^TP  x 

cos   5P  T 
oQ^'q:: — ^- -  x  20'  the  aberration  in  longitude.     Tlie  first  term  cos.  STP 

s/SP 

X  20",  or  sin.  E  x  20",  is  (506)  the  aberration  for  a  fixed  star ;  hence  the  other 
term,  or  the  aberration  wliich  arises  from  the  motion  of  the  body,  varies 
as  the  cosine  of  the  angle  at  the  body  between  the  sun  and  earth  directly,  and 
as  the  square  root  of  the  distance  of  the  body  from  the  sun  inversely.  The 
first  part  is  common  to  all  the  i)lanets,  the  elongation  being  given.  If  we  take 
the  sum  of  the  aberrations  when  the  planet  is  in  conjunction  and  opposition, 
tlie  last  part  will  be  destroyed  by  the  opposition  of  its  signs,  and  as  the  cos. 
STP  in  each  case=:  1,  the  sum  of  the  two  aberrations  is  always  =  40". 

529.  When  p  coincides  with  Q,  or  when  a  line  joining  the  eartli  and  planet 
continues  parallel  to  itself,  there  is  no  aberration ;  this  therefore  happens  when 
the  planet  is  stationary.     In  this  case    (putting  a  =  5P),  cos.  STP  x  20"  - 

,- — x20'=0,   or  ax  COS.   52'/'*=cos.  5P7*,  or  a  x  l  -  sin.  STP*— 

1  -  sin.  SPT*;  but  a  :  1 ::  sin.  STP  :  sin.  5P/'=^'"-'^'^'^,  which  substituted 

a 


for  sin.  SPT  in  the  last  equation,  by  reduction  gives  sin.  ^^TP — ^/^  "^  j 
the  same  as  in  Art.  SI 3. 

*  This  will  apjKar  when  we  tnat  on  ibe  Physical  Principles  of  ^Vstronomy. 
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530.  M.  de  la  Lands  has  calculated  the  following  Table,  showing  what  we 
must  apply  to  the  true  place  of  a  planet  in  longitude  to  find  the  apparent  place, 
in  which  the  quantities  are  to  be  applied  according  to  their  signs.  All  the  orbits 
are  supposed  to  be  circular,  except  that  of  Mercury:  When  the  aberration  is 
negative^  the  planet's  motion  is  direct ;  when  positive^  it  is  retrograde. 


Elong.  frotn  Sun 

Mars 

Jupiter 

Saturn  Georgian 

Elong. 

Venus 

O.  conjun.     0° 

-36" 

-29' 

-27" 

-25"    1 

Conj.sup. 

-  43%5 

15 

-35 

-28 

-26 

-24 

15° 

-41 

I.      XI.        0 

-32 

-26 

-24 

-22 

30 

-34 

15 

-28 

-23 

-21 

-19 

45 

-19 

II.     X.            0 

-23 

-19 

-16 

-15 

Gr.elong. 

-14 

15 

-18 

-14 

-12 

-10 

45° 

-   9 

III.  IX.       0 

-12 

-   9 

-    6 

-    5 

30 

0 

15 

-    7 

-   4 

-    1 

0 

15 

+    3 

IV.   VIII.    0 

-    3 

+    1 

+    4 

+    5 

Conj.  inf. 

+    3,5 

15 

0 

+    5 

+    8 

+    9 

V.     VII.      0 

+    2 

+    9 

+  11 

+  13 

15 

+    3 

+  10 

+  12 

+  15 

VI.  oppos.     0 

+    4 

+  11 

+  13           +15 

MERCURY. 

Aphelion 

Mean  Distance 

Perihelion 

Conjunc.  super. 

-46" 

-5\\5 

-  59",5 

5° 

-45 

-51 

-58 

10 

—  44 

-48 

-52 

15 

-41 

-43 

-41 

20 

-36 

-33 

25 

-29 

Greatest  Elong. 

-18 

-18 

-19 

25 

-    7 

20 

-    1 

-   4 

15 

+    2 

+   4 

+    2 

10 

+   4 

+    8 

+  13 

5 

+    6 

+  11 

+  18 

Conjunc.  infer. 

+   6 

+  11,5 

+  19,5 

999  ON  TUB  ABEBKATIOM  0?  IMHT* 

SSU  M.  de  la  Lampc  observets  that  in  the  passage  of  Mercury  over  the  sun 
in  1782,  the  aberraUoo  xetarded  the  phases  by  computation,  6'.  S4t\  as  mil  ap* 
pear  by  augmenting  its  longitude  by  18%8,  the  aberration  at  that  time,  and  di« 
loinishing  that  of  the  sun  20'',  which  is  always  its  aberration.  Compute  the 
phases  by  supposing  each  body  to  be  at  its  true  place,  and  at  its  iqpparent  place 
at  the  same  time,  and  the  difference  shows  how  much  the  aberration  affects  the 
time.  Moreover,  when  we  calculate  the  true  geocentric  place  of  a  planet^  we 
xnust  add  20"  to  the  place  of  the  sun  in  the  Tables  of  its  motion^  the  ]daoe  of 
the  sun  being  put  down  as  afifected  by  aberration. 

532.  By  Article  526,  the  aberration  z=  0,00564  dmy  if  the  earth's  distance  from 
the  sun  be  unity ;  if  therefore  that  distance  be  represented  by  10,  the  aberration 
=  0,000564  dm^  from  which  the  following  Table  was  constructed,  to  be  entered 
with  the  distance  of  the  planet  from  the  earth,  and  the  ai^le  described  by  the 
planet  about  the  earth  in  24  hours,  in  latitude,  longitude,  r^ht  ascension  or 
declination. 

If  the  distance  of  the  body  from  the  earth  be  greater  than  10,  as  37  for  in- 
stance, find  the  value  for  10  and  then  multiply  it  by  9,  and  to  it  add  the  value 
for  ?• 
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A  TABLE 


To  Jind  the  Aberration  of  a  Planet  or  Cornet^  in  Latitude^  Longitude^ 


ight  Ascension  or  DeciinaticoL 


Diurnal 
Motion 

1 

Distance  from  the  Earth ;  that  of  the  Sun  being  10. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

D.  M. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

Sec. 

0.     8 

0,5 

0,8 

1,1 

1,4 

1,6 

1,9 

2,2 

2,4 

2,71 

0.   IQ 

1,1 

1,6 

2,2 

2,7 

3,3 

3,8 

4,3 

4,9 

5,41 

0.  24 

1,6 

2,4 

3,3 

4,1 

4,9 

5,7 

6y5 

7,3 

8,12 

0-  32 

2,2 

SyS 

4,3 

5,4 

6,5 

7,6 

8,7 

9,7 

10,83 

0.  40 

2,7 

4,1 

5,4 

6,8 

8,1 

9,5 

10,8 

12,2 

13,53 

0.  48 

3,3 

4,9 

6,5 

8,1 

9,8 

11,4 

13,0 

14,6 

16,24 

0.  56 

3,8 

5,7 

7,6 

9,5 

11,4 

13,0 

15,2 

17,1 

18,95 

1.     4 

4,3 

6,5 

8,7 

10,8 

13,0 

15,2 

17,3 

19,5 

21,66 

I.   12 

4,9 

7,3 

9,8 

12,2 

14,6 

17,1 

19,5 

21,9 

24,36 

1.  20 

5,4 

8,1 

10,8 

13,5 

16,2 

19,0 

21,7 

24,4 

27,07 

1.  28 

6,0 

8,9 

11,9 

14,9 

17,9 

20,8 

23,8 

26,8 

29,78 

I.  36 

6^5 

9,8 

13,0 

16,2 

19,5 

22,7 

26,0 

29,2 

32,48 

I.  44 

7,0 

10,6 

14,1 

17,6 

21,1 

24,6 

28,2 

31,7 

35,19 

1.  52 

7,6 

11,4 

15,2 

19,0 

22,7 

26,5 

30,3 

34,1 

37,90 

2.     0 

8,1 

12,2 

16,2 

20,3 

24,4 

28,4 

32,5 

36,6 

40,61 

2.     8 

8,7 

13,0 

17,3 

21,7 

26,0 

30,3 

34,7 

39,0 

43,31 

2.  16 

9,2 

13,8 

18,4 

23,0 

27,6 

32,2 

36,8 

41,4 

46,02 

2.  24 

9,8 

14,6 

19,5 

24,4 

29,2 

34,1 

39,0 

43,9 

48,73 

2.  32 

10,3 

15,4 

20,6 

25,7 

30,9 

36,0 

41,2 

46,3 

51,43 

2.  40 

10,8 

16,3 

21,7 

27,1 

32,5 

37,9 

43,3 

48,7 

54,14 

2.  48 

11,4 

17,1 

22,8 

28,4 

34,1 

39,8 

45,5 

51,2 

56,85 

2.  56 

11,9 

17,9 

23,8 

29,8 

35,7 

41,7 

47,6 

53,6 

59,55 

3.     0 

12,2 

18,3 

24,4 

30,5 

36,5 

42,6 

48,7 

54,8 

60,91 

334  Cfs  THr  A5££z^T!&y  or  light. 

Ex.  Suppose  the  distance  of  a  conei  iron:  the  e::nh  to  be  43,  and  its  appi- 
rent  motion  in  24  hours  to  be  2'\  1 5  in  lor^iuide  ;  to  find  the  aberration  in 
longitude. 

Enter  with  tlie  distance  lO  and  daily  motion  2".  :  J,and  we  get  45*,68,  vhidi 
multiplied  by  4  gives  182',T;  and  by  enitzinz  ^"ith  the  distance  3  we  get 
1S'',7  ;  hence  the  aberration  is  196' ,4. 

To  reduce  the  place  of  the  body  computed  from  the  Tables  to  the  apparent 
place,  add  the  aberration,  if  the  latitude,  longitude,  right  ascension  or  declim- 
tion  of  the  body  decrease j  but  subtract^  if  it  increa^ ;  and  the  contrary,  to  r^ 
duce  the  apparent  to  the  computed  place* 


CHAP.  XXIII. 


ON  THE  PROJECTION  FOR  THE  CONSTRUCTION  OF  SOLAR  ECLIPSES. 

Art.  533.  As  the  ecliptic  is  inclined  to  the  equator  and  cuts  it  in  two  oppo- 
site points,  the  sun  keeps  continually  approaching  to  one  pole  and  receding 
from  the  other  by  turns,  and  therefore  to  a  spectator  at  the  sun,  the  poles  must 
appear  and  disappear  by  turns.     When  the  sun  is  on  the  north  side  of  the 
equator,  the  north  pole  must  appear ;  and  when  on  the  south  side,  the  south 
pole.     When  the  sun  is  in  the  equator,  the  plane  of  illumination  is  perpendicu- 
lar to  the  equator,  and  consequently  the  poles  will  lie  in  the  circumference  of 
the  circle  of  illumination ;  when  the  sun  comes  to  the  tropic,  the  pole  will  ap- 
pear in  the  middle  of  its  path  over  the  circle  of  illumination ;  and  when  the 
§un  comes  to  the  next  equinox,  the  pole  will  appear  on  the  other  side  of  the 
circle  of  illumination.     When  the  sun  gets  on  tlie  other  side  of  the  equator, 
this  pole  will  disappear,  and  the  other  will  appear  in  like  manner.     Hence,  to    • 
a  spectator  at  the  sun,  the  apparent  motion  of  the  pole  P  is  the  same  as  if  the      fig. 
axis  Pp  of  the  earth  had  an  annual  conical  motion  PrQSy  pnqm  about  an  axis     116. 
GOF  perpendicular  to  the  ecliptic  JEOC,  the  angle  POG  being  equal  to  the 
greatest  declination  of  the  sun.     As  these  circles  PrQs,  piiqm  are  parallel  to 
the  ecliptic,  their  planes  will  pass  through  the  sun,  and  therefore  to  a  spectator 
at  the  sun  the  apparent  motion  of  the  poles  will  be  in  tlie  straight  lines  PQ,  pq  ; 
and  as  P  moves  as  fast  in  the  circle  PrQ$  as  the  sun  does  in  the  echptic,  if  P 
be  the  place  of  the  pole  at  the  equinox,  and  we  take  the  arc  Pv  equal  to  the 
sun's  distance  from  tliat  equinox,  and  draw  vo  perpendicular  to  PQ,  o  will  be 
the  apparent  place  of  the  pole  at  that  time.     It  is  manifest  that  Pv  may  be  set 
otf  upon  any  circle  described  on  PQ.     Hence  also,  the  angle  which  the  axis 
t'Oct'  makes  with  the  plane  of  illumination  must  be  equal  to  tlie  declination  of 
the  sun.     As  this  apparent  motion  of  the  pole  over  the  enlightened  disc  of  the 
earth  is  caused  by  the  motion  of  the  earth  in  its  orbit,  the  motion  of  the  pole 
over  the  disc  will  be  in  a  direction  contrary  to  the  diurnal  motion  of  the  disc ; 
if  therefore  P  be  the  position  of  the  pole  at  the  vernal  equinox,  and  Prd  be  its 
motion  over  the  disc  of  the  earth  to  the  next  equinox,  the  diurnal  motion  of 
the  disc  will  be  made  in  the  contrary  direction. 

534.  When  the  sun,  and  consequently  the  spectator  who  is  supposed  to  be  at  tlie 
sun,  is  in  the  equator,  the  spectator  beifig  in  the  plane  of  the  equator,  and,  as 
to  sense,  in  the  plane  of  all  the  circles  parallel  to  it,  they  will  all  appear  to  be 
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projected  upon  the  circle  of  illumination  into  right  lines  parallel  to  each  otlier. 
But  when  the  sun,  and  consequently  the  spectator,  is  out  of  the  equator,  the 
equator,  and  all  the  circles  parallel  to  it,  being  seen  obliquely,  will  appear  to 
be  projected  into  ellipses  upon  the  plane  of  illumination,  as  the  eye  may  be 
considered  at  an  infinite  distance ;  and  as  the  eye  has  the  same  relative  si- 
tuation to  all  these  circles,  the  ellipses  must  be  all  similar.     AVhen  the  sun  is 
on  the  nordi  side  of  the  equator,  that  part  of  tlie  ellipse  which  is  the  pffgection 
of  that  part  of  the  circle  which  lies  between  the  north  pole  and  equator  on  tlie 
enlightened  hemisphere  will  be  concave  to  the  pole ;  but  when  the  sun  is  on 
FIG.     the  other  side  of  the  equator,  that  part  will  be  convex.     That  is,  let  P  be  the 
117*    north  pole  on  the  enlightened  hemisphere,  the  sun  being  on  the  north  side  of 
the  equator,  and  vsyz^  amlm^  the  ellipses  into  which  the  equator  and  any  pa- 
rallel to  it  are  projected ;  then  amb  is  that  part  of  the  ellipse  which  the  place  on 
this  parallel  describes  in  the  dojf^  and  the  other  part  bna  is  that  which  is  de- 
scribed in  the  night;  and  the  place  is  at  m  at  12  at  noon,  and  at  n  at  12  at 
midnigliL     In  this  case,  tiie  otiier  pole  p  must  be  considered  as  being  on  the 
other,  or  dark  side  of  tlie  earth.     But  if  P  be  supposed  on  the  dark  side,  and 
consequently  p  on  the  light  side,  or  if  the  sun  be  on  the  south  side  of  the 
FIG*      equator,  n  will  be  12  at  noon,  and  m  will  be  12  at  midnight     For  if  Pp  be 
118#    the  axis,  LN  the  plane  upon  which  the  circle  ab  is  to  be  projected,  E  the  sun 
on  that  side  next  to  the  north  pole ;  then  drawing  Eam^  Enb^  the  point  tf, 
answering  to  noon,  the  sun  being  on  the  meridian,  is  progected  at  m,  and  the 
point  bj  answering  to  midnight,  is  prcgected  at  n  ;  but  when  the  sun  is  on  the 
other  side  of  ^^,  as  at  e,  a  is  projected  to  «'  and  b  to  wi',  therefore  n'  represents 
noon  and  m  midnight.     On  account  of  the  grcat  distance  of  the  sun  compared 
with  the  radius  of  the  earth,  the  lines  Ea^  Eb,  and  ea^  eb  may  be  considered  as 
parallel,  and  therefoi-e  the  circle  ab  is  orthographically  projected  upon  the  plane 
LN  into  an  ellipse,  whose  minor  axis  is  mw,  or  tn'n. 

S35.  The  next  tiling  to  be  done  is  to  determine  the  magnitude  of  the  ellipse 
into  which  the  circle  ab  is  projected,  and  its  position  upon  the  plane  of  illumi- 
FIG#  nation.  Let  Pp  represent  the  axis  of  the  earth,  asbt  a  circle  of  latitude  to  any 
J 19*  place,  IPNp  the  meridian  passing  through  the  sun,  and  LON  the  plane  upon 
which  the  projection  is  made  ;  then  (533)  the  angle  LOP  is  equal  to  tlie  sun's 
declination ;  draw  am^  bn^  vr  perpendicular  to  XO,  and  (534)  mn  is  the  minor 
axis  of  the  ellipse ;  let  vs  be  that  radius  of  the  circle  ab  which  is  parallel  to  the 
plane  of  projection,  and  it  will  be  projected  into  a  line  equal  to  itself,  and  con- 
sequently it  will  be  the  major  axis ;  hence,  2vSj  or  2tY7,  or  2  cos.  lat.  is  the 
mjijoraxis  of  the  ellipse;  but  7HH  (the  projection  of  ab  upon  LN)  :  abr.^n. 
mahj  or  POL  the  dec.  :  radius;  that  is,  the  axis  major  :  axis  minor ::rad.  : 
sir.  declination.  And  to  find  the  distance  Or  from  ihe  center  of  projection  to 
the   center  of   the  ellipse,  we  have,   rad.  =  l  :  cos.  rOr  the  dec.  ::rO  :  Or 
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r=tO  X  COS,  dec.  n sin.  lat.  x  cos.  dec.  But  (541)  tlie  radius  of  the  projection 
is  the  horizontal  parallax  of  the  moon,  diminished  by  the  horizontal  parallax  of 
the  sun ;  the  radius  therefore  thus  expressed  being  multiplied  by  the  quantities 
whose  values  are  expressed  when  radius  is  supposed  to  be  unity,  give  the  value  in 
terms  of  that  radius  j  hence,  if  hor.  par.  n  —  hor.  par.  ©  =  A,  then  h  x  cos.  lat.  = 
the  semi-axis  major  of  the  ellipse ;  h  x  cos.  lat.  x  sin.  dec.  =  the  semi-axis  minor; 
and  Or  ^  fix  sin.  lat.  x  cos.  dec.  Thus  we  have  gotten  the  dimensions  and  posi- 
tion of  the  ellipse  in  terms  of  the  radius  of  projection.  Hence  we  have  the  follow- 
ing construction  for  the  apparent  ellipse  described  by  any  place  on  the  earth's 
surface  to  a  spectator  at  the  sun. 

536.  Let  GCFE  be  that  half  of  the  earth  which  is  illuminated,  EC  the  plane  fig. 
of  the  ecliptic,  GOF  perpendicular  to  it;  take  GQ=GF equal  to  the  sun's  120. 
greatest  declination,  join  QF,  and  on  it  describe  the  semicircle  VKQ^  and  take 
Vh  equal  to  the  sun's  distance  from  the  vernal  equinox  corresponding  to  the 
pole  at  r,  and  draw  hP  perpendicular  to  FiQ,  and  P  (533)  is  the  place  of  the 
pole,  which  we  will  suppose  to  be  on  the  enlightened  disc  of  the  earth.  Put 
c=:cos.  FA,  w=:sin.  FG,  w  =  its  cosine,  to  radius  unity ;  then 

Pc  :  cV  ::  c  :  1 
cV :  OG  ::  n  :  l 


r.Pc  :  OG  {zih)\\cxn  :  l;  hence,  Pc^hxcxn. 


ex  71 


Also,  li  xm^Oc ;   hence,  hxm  :  hxc x n:: rad.  :  tan.  POc=z =  c  x  tan. 

m 

23^  28  =0,4341208  xc.  Draw  POp^  and  upon  OP  take  Orzzhx  sin.  lat. 
X  cos.  dec. ;  draw  bra  perpendicular  to  OPj  and  take  ra=zrb=:kx  cos.  lat.  and 
n»  =  rw  =  A  X  COS.  lat.  x  sin.  dec.  and  describe  an  ellipse  ambrij  and  (535)  it 
will  represent  the  apparent  diunial  path  of  the  place  to  a  spectator  at  the  sun, 
for  the  given  declination  of  the  sun.  If  ^  aixd  z  be  the  points  where  the 
ellipse  touch  the  circle  GCFEj  the  part  xambz  will  (534)  be  on  the  illuminated 
part  of  the  earth,  and  therefore  visible  to  a  spectator  at  the  sun,  and  the  part 
znx  on  the  dark  part,  P  being  the  north  pole,  and  the  sun's  declination  north  ; 
but  if  the  declination  be  south,  a:nz  will  be  the  part  on  the  illuminated  side  of 
the  earth,  and  zhmax  on  the  dark  part.  Let  the  declination  be  north,  and  a  the 
west  side  of  the  disc;  then  to  find  where  the  given  place  on  the  earth's  surface, 
is  at  any  time,  we  may  observ^e  that  the  place  describing  the  circle  which  is  pro- 
jected into  the  ellipse  amhn  moves  uniformly  in  that  circle,  from  the  uniform 
motion  of  the  earth  about  its  axis;  let  therefore  ayb  be  a  circle;  tlien  if  every 
ordinate  be  diminished  in  the  ratio  of  yr  :  Twr,  the  circle  will  be  projected  into 
the  ellipse  amb  ;  this  semicircle  may  therefore  represent  the  half  of  the  diurnai 
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motion  of  the  given  place,  so  fiir  as  it  is  necessary  to  obtain  the  oorre^Mmdisg 
positions  of  the  place  in  the  ellipse.  For  divide  the  semicircle  ayb  into  IS  equal 
.parts  from  at,  at  7,  8,  9, 10, 1 1, 12, 1,  2,  S,  4, 5, 6,  representing  the  posttions  of 
the  given  place  from  a  at  six  o'clock  in  the  morning  to  6  at  six  in  the  evening,  and 
these  figures  will  represent  the  positions  of  the  given  place  at  the  respective  boors 
denoted  by  the  figures ;  and  if  the  dotted  lines  be  drawn  perpendicular  to  ab^ 
the  corresponding  points  denoted  by  the  same  figures  will  represent  the  positions 
of  the  place  in  the  ellipse.  This  ellipse  may  be  very  accurately  described  by  dimi- 
nishing each  ordinate  of  the  circle  perpendicular  to  ab  in  the  ratio  of  yr  to  av, 
by  taking  a  proper  number  of  ordinates  and  then  describing  a  curve  through 
all  the  points ;  and  if  these  lines  be  continued  to  the  other  half  of  the  ellipse, 
the  hours,  as  there  marked,  will  correspond  to  the  positions  of  the  given  place. 
If  each  division  of  the  semicircle  be  divided  into  10  equal  parts,  and  ordinates 
be  drawn  to  ab^  the  ellipse  will  be  divided  into  every  six  minutes ;  and  if  the 
scale  be  large  enough,  and  these  divisions  on  the  ellipse  be  subdivided  into  six 
equal  parts,  the  ellipse  will  be  divided  into  minutes,  for  there  will  be  no  occa- 
sion to  use  the  circle  for  this  last  subdivision.  Thus  we  can  always  find  die 
apparent  position  of  any  place  on  the  earth's  sur&ce  to  a  spectator  at  the  sun. 

537.  Draw  1  Iw  and  1  Id  perpendicular  tory  ;  then  1  lti*=l  Id  is  the  sine  of 
15^  to  the  radius  ra  ;  and  by  the  principles  of  projection,  yr  :  mrwyd  :  nnr, 
therefore  as  yd  is  the  versed  sine  oi  1 5^  to  the  radius  yr^  ntw  must  be  the  vers- 
ed sine  of  15®  to  the  radius  mr  ;  hence,  if  we  take  the  sine  and  versed  sine  of 
15*"  to  radius  unity,  and  multiply  them  into  ra  and  rm  respectively,  they  wiH 
give  the  values  of  1  la;  and  rrm;  and  if  rm  be  multiplied  into  the  cosine  of  15% 
it  gives  rw.     ITie  same  for  any  other  angle. 

538.  By  Art.   535.    Or  =zhx  sin.  lat.  x  cos.   dec.  and  ra=z  hx  cos.  lat. 

hence.  Or  :  ra  ::  sin.  lat.  x  cos.  dec.   :  cos.  lat.  consequently  Or  =  rdx 

sin.  lat.  X  cos.  dec.  .ix  j^i./*-^  i  ,• 

4- =^^  ^  tan.  lat.  x  cos.  dec.  therefore  if  ra  and  cos.  dec.  be 

cos.  laL. 

constant.  Or  varies  as  tan.  lat.      Also  (535),  the  radius  of  projection  must 
vary  inversely  as  the  cosine  of  the  latitude. 

539.  Having  determined  the  situation  of  the  ellipse  for  any  one  latitude  in 
respect  to  the  center  of  projection,  as  the  ellipses  for  all  latitudes  are  similar  if 
the  declination  be  given,  we  may  make  use  of  the  same  ellipse  for  all  latitudes^ 
only  by  altering  Or  in  a  proper  ratio ;  for  (538)  if  ra  and  the  declination  re- 
main  constant,  rO  varies  as  the  tangent  of  latitude.  Hence,  take  rO  :  rO  m 
the  tangent  of  the  latitude  for  which  the  projection  was  made  :  tangent  of  any 
other  latitude,  and  O'  will  be  the  center  of  projection,  whose  radius  is  (538) 
also  known ;  and  ambn  is  the  ellipse  for  Uiat  latitude. 

540.  Let  e  be  any  position  of  the  given  place,  and  join  eO  ;  then  the  angle 
under  which  EO  appears  at  the  sun  is  tiie  sun's  horizontal  parallax ;   also,  the 
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angle  under  which  eO  appears  at  the  dun  must  be  th^  parallax  in  altitude  at  the 
point  e,  for  the  sun  being  vertical  to  O,  tlie  arc  corresponding  to  eO  is  the  zenitli 
distance  of  the  sun  at  the  given  place,  and  eO  is  the  .sine  of  that  arc  from  the 
nature  of  the  projection  ;  but  (154)  the  hor.  parallax  :  parallax  at  any  altitude 
: :  rad.  :  sine  of  the  zenith  distance::  OE  :  Oe  ;  hence,  if  OE  represent  the 
horizontal  parallax,  Oc  will  represent  the  parallax  in  altitude  at  e.  Also,  as  e 
represents  the  zenith  of  the  given  place,  eO  represents  the  vertical  circle  pass- 
ing tlirough  the  sun.  The  use  of  this  projection  is  to  construct  the  phases  and 
times  of  a  solar  eclipse,  as  we  shall  now  proceed  to  explain. 

541.  Let  S  be  the  center  of  the  sun,  a:w  the  enlightened  hemisphere  of  the  fJ^g. 
earth,  which  we  must  conceive  to  be  perpendicular  to  SC  ;  draw  SDj  -SFtan-  *^** 
gents  to  two  opposite  points  of  the  earth,  and  let  ambn  be  the  apparent  ellipse 
(536)  described  by  any  point  m  on  the  earth's  surface ;  let  OC  be  the  distance 
of  the  moon  from  the  earth,  Budivd^dnibn  be  the  projection  of  FZ),  ambn  upon 
a  plane  at  the  moon  perpendicular  to  SO,  to  an  eye  at  Sj  and  dmUn  will  be  the 
apparent  motion  of  the  center  of  the  sun  at  S  to  the  spectator  describing  ambn. 
The  curve  dniUn  may  be  considered  as  an  ellipse  ;  for  the  angle  DSC  being 
only  81",  X)5,  OS  may  be  reckoned  as  parallel,  and  therefore  the  projection  of 
JDF  upon  a  plane  parallel  to  it  may  be  considered  as  an  orthographic  projection, 
and  consequently  the  two  figures  may  in  all  respects  be  considered  as  similar. 
Let  LM  be  the  orbit  of  the  moon ;  then  if  we  know  at  any  time  the  point  of 
the  ellipse  ambn  where  the  spectator  is,  we  know  the  corresponding  point  where 
the  center  of  the  sun  is  in  the  ellipse  dm  tin  ;  if  tlierefore  we  determine  at 
the  same  time  the  point  where  the  moon  is  in  its  orbit  LMy  we  shall  know 
the  apparent  situation  of  the  moon  in  respect  to  tlie  sun.  Hence,  if  we  find 
two  points,  one  in  the  ellipse  dm'b'n  where  the  center  of  the  sun  is,  and  ano- 
ther in  XM  where  the  center  of  the  moon  is  at  the  same  time,  and  about  these 
centers,  with  radii  equal  to  the  apparent  semidiameters  of  the  sun  and  moon,  we 
describe  two  circles,  they  will  represent  the  apparent  situations  of  the  two  discs. 
If  that  of  the  moon  fall  upon  the  sun,  it  shows  how  much  the  sun  is  eclipsed 
at  that  instant.  Now  the  angle  OVvzuCOV—OSF^  that  is,  the  radius  of  pro- 
jection is  equal  to  the  difference  of  the  horizontal  parallaxes  of  the  moon  and 
sun.  The  projection  Oe'  of  Ce  is  the  parallax  in  altitude  of  the  moon  from  the 
sun,  supposing  the  moon  to  be  at  the  same  altitude  as  the  sun ;  for  the  radius  Ov 
represents  the  difference  of  the  horizontal  paraUaxes  of  the  sun  and  moon,  or  the 
horizontal  parallax  of  the  moon  from  the  sun;  and  as  the  parallax  of  each  varies 
(154)  as  the  sine  of  the  apparent  zenith  distance,  the  difference  of  the  parallaxes 
must  vary  as  the  sine  of  their  common  apparent  zenith  distance ;  hence,  Ov  :  Od 
: :  difference  of  the  horizontal  parallaxes  :  difference  of  the  parallaxes  at  their 
common  apparent  altitude;  therefore  ifOv  represent  the  third  term,  Oe'  will  re- 
present the  fourth.    In  an  eclipse  of  the  sun  therefore  this  wiU  be  nearly  true,  but 
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not  aecnntely  so,  except  when  the  Sim  and  moon  are  at  the  same  altitade.  T^e 
place  of  the  pole  ot  the  earth  is  here  supposed  to  be  fixed  during  the  time  of 
die  eclipse,  and  consequently  the  earth  is  supposed  to  be  immoveable  for  that 
time  ;  the  sun's  declination  is  also  supposed  to  be  constant  for  the  same  time ; 
but  as  these  circumstances  do  not  take  place,  the  projected  path  of  the  spec- 
tator will  not  be  accurately  an  ellipse.  M.  dc  la  Caille  observes,  that  in  this 
projectioii,  all  the  errors  arising  from  the  finite  distances  of  the  sun  and  moon 
are  <ii{:qM>sed  to  be  compensated,  by  making  the  semidiameter  of  the  projection 
equal  to  the  ditference  of  their  horizontal  parallaxes;  wheieas  only  a  part  of 
the  lines  should  be  diminished  in  that  ratio.  The  sun  also  not  being  at  an 
infinite  distance,  the  projection  will  not  be  an  accurate  ellipse.  The  sphenndi- 
cal  %ure  <^  the  earth  is  also  here  not  considered.  All  these  circnmstances 
tend  to  render  the  method  of  determining  the  phases  of  an  eclipse  by  this  con- 
stiuction  subject  to  a  certain  d^ee  of  inaccuracy ;  but  if  the  construction  be 
made  upon  a  large  scale,  it  will  be  sufficiently  accurate,  when  we  only  want  to 
predict  an  eclipse.  If  <$  be  a  fixed  star,  the  same  constniction  will  give  the 
time  of  its  occultation  by  the  moon.  In  this  case,  as  the  fixed  star  has  no  pt- 
nHax,  the  radius  of  projection  is  equal  to  the  horizontal  parallax  of  the  moon. 
Hus  profKtran  was  first.given  by  Mr.  Flamstead. 

J44L  b'wemake^is  projection  upon  a  plane  at  the  orbit  of  Femis  or  Met- 
(in,  the  ndius  of  projection  must  be  taken  equal  to  the  difference  <^  the  hoii- 
Bontal  panttaxes  of  Venus  or  Mercury  and  the  sua ;  and  by  proceeding  as  for 
^  moon,  ve  may  determine  the  times  of  the  phages  of  the  transits  of  Venns- 
and  Mercury  over  the  sun's  disc }  but  this  is  best  done  by  calculation,  as  will 
be  aAcmfds  explained 
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ON  ECLIPSES  OF  THE  SUN  AND  MOON,  AND  OCCULTATIONS  OF  FIXED  STAR^ 

BY  THE  MOON. 

Art.  543.  An  eclipse  of  the  Moon  is  caused  by  its  entering  into  the  earth's 
sliadow,  and  consequently  it  must  happen  when  the  moon  is  in  opposition  to 
the  sun,  or  at  the  full  moon.  An  eclipse  of  the  Sun  is  caused  by  the  interpo- 
sition  of  the  moon  between  the  earth  and  sun,  and  therefore  it  must  happen 
when  the  moon  is  in  conjunction  with  the  sun,  or  at  the  new  moon.  If  the 
plane  of  the  moon's  orbit  coincided  with  the  plane  of  the  ecliptic,  there  would 
be  an  eclipse  at  every  opposition  and  conjunction  ;  but  the  plane  of  the  moon's 
orbit  being  inclined  to  the  ecliptic,  there  can  be  no  eclipse  at  opposition  or  coo- 
junction,  unless  at  that  time  the  moon  be  at,  or  near  to  the  node.  For  let  fig. 
Mamh  be  the  orbit  of  the  moon,  Mcmd  the  plane  of  the  earth's  orbit,  or  that  123, 
plane  in  which  the  sun  *?,  S  appears  as  seen  from  the  earth,  and  let  these  two 
planes  be  inclined  to  each  other,  so  that  we  may  conceive  the  part  Mam  to  lie 
above  Mcniy  and  the  part  mbM  below  mdM;  and  J/,  m  are  the  nodes.  Now  if 
when  the  moon  is  at  M  the  sun  be  in  conjunction  at  Sj  the  three  bodies  are 
then  in  the  same  plane,  and  therefore  the  moon  must  interpose  between  the; 
earth  and  sun,  and  cause  an  eclipse  of  the  sun.  But  if  tlie  moon  be  at  M' 
when  the  sun  comes  into  conjunction  at  S^  M'  is  now  elevated  above  the  line 
joining  E  and  6",  and  the  further  M'  is  from  M  the  more  elevated  will  M'  ap- 
pear above  «S',  so  that  J/'  may  be  so  far  from  J/,  that  the  moon  may  not  at  all 
interpose  between  E  and  *S',  in  which  case  there  will  be  no  eclipse  of  the  sun. 
Whether  therefore  there  will,  or  will  not  be  an  eclipse  of  the  sun  at  the  con- 
junction, depends  upon  the  distance  of  the  moon  from  the  node  at  that  time. 
If  the  moon  be  at  m  at  the  time  of  opposition,  then  the  three  bodies  being  in 
the  same  plane,  the  shadow  EVofihe  earth  must  fall  upon  the  moon,  and  the 
moon  must  suffer  an  eclipse.  But  if  the  moon  be  at  ni  at  the  time  of  opposition, 
rri  may  be  so  far  below  Uie  shadow  Ev  of  the  earth,  that  the  moon  may  not  pass 
through  it,  in  which  case  there  will  be  no  eclipse.  Whether  therefore  there 
will  be  a  lunar  eclipse  at  the  time  of  opposition,  depends  upon  the  distance  of 
the  moon  from  the  node  at  that  time.  If  the  two  planes  coincided,  there  would* 
evidently  be  a  central  interposition  every  conjunction  and  opposition,  and  conse- 
quently a  total  eclipse.  Meton,  who  lived  about  430  years  before  Christ,  ob- 
served, that  after  19  years  tlie  new  and  full  moons  returned  again  on  the  same 
day  of  the  month.  The  ancient  Astronomers  also  observed,  that  at  the  end  of 
18  years  10  days,  a  period  of  223  lunations,  there  was  a  return  of  the  same 
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eclipses ;  and  hence  they  were  enabled  to  foretel  when  they  would  happen. 
This  is  mentioned  by  Pliny  the  naturalist,  Lib.  II.  Ch.  13.  and  by  Ptolemy, 
Lib.  IV.  Ch.  2.  Tliis  restitution  of  eclipses  depends  upon  the  return  of  the 
following  elements  to  the  same  state. — 1.  Tlie  sun's  place.  2.  The  moon's 
place.  3.  Tlie  place  of  the  moon's  apogee.  4.  The  place  of  the  ascending 
node  of  the  moon.  The  exact  restitution  of  these  can  never  take  place;  but  it 
so  nearly  happens  in  the  above  time,  as  to  produce  eclipses  remarkably  corres^ 
ponding.  In  this  manner  Dr.  Halley  predicted  and  published  a  return  of 
eclipses  from  1700  to  1718,  many  of  them  corrected  from  observations;  toge- 
ther with  the  following  elements. — 1.  The  apparent  time  of  the  middle.  2.  The 
sun's  anomaly.  3.  The  annual  argument.  4.  The  moon's  latitude.  He  says, 
that  in  this  period  of  223  lunations  there  are  18  years  10  or  11  days  (according 
as  there  are  five  or  four  leap-years)  7A.  43'^ ;  tliat  if  we  add  this  time  to  the 
middle  of  any  eclipse  observed,  we  shall  have  the  return  of  a  corresponding 
one,  certainly  within  \h.  SO';  and  that  by  the  help  of  a  few  equations,  we  may 
find  the  like  series  of  eclipses  for  several  periods. 


To  calculate  an  Eclipse  of  tlie  Moon. 

544.  The  first  thing  to  be  done,  is  to  find  the  time  of  the  mean  opposition. 
To  get  which,  from  the  Tables  of  Epacts*,  amongst  tiie  Tables  of  the  moon's 
motion,  take  out  the  epact  for  the  year  and  month,  and  subtract  the  sum  from 
29flf.  12//.  44'.  3"  one  synodic  revolution  of  the  moon,  or  two  if  necessary,  so 
that  the  remainder  may  be  less  than  a  revolution,  and  that  remainder  gives  the 
time  of  the  mean  conjunction.  If  to  this  we  add  14rf.  18A.  22'.  l",4  half  a  revo- 
lution, it  gives  the  time  of  the  next  mean  opposition ;  or  if  we  subtract,  it 
gives  the  time  of  the  preceding  mean  opposition.  If  it  be  leap-year,  in  January 
and  February,  subtract  a  day  from  the  sum  of  the  epacts,  before  you  make  the 
subtraction.  When  the  day  of  the  mean  conjunction  is  O,  it  denotes  the  last 
day  of  the  preceding  month  • 

*  The  epact  for  any  year  is  the  age  of  the  moon  at  the  beginning  of  the  year  from  the  last  mean 
conjunction,  that  is,  from  the  time  when  the  mean  longitudes  of  the  sun  and  moon  were  la»t  equaL 
The  epact  for  any  month  is  the  age  which  the  moon  would  have  had  at  the  beginning  of  the  roonth» 
if^its  age  had  bctn  nothing  at  the  beginning  of  the  year. 
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Ex.  To  find  the  time  of  the  mean  new  and  full  moons  in  February,  179jf. 

Epactl795        .        •        -      9*.  11\   6'.  l?*' 
Febraary        •        -        -         1.  11.  15.  57 


Mean  new  moon 


Mean  full  moon 


10. 

22. 

22. 

14 

29. 

12. 

3 

18. 

14. 

21. 

49 

14. 

18. 

22. 

1,4 

3. 

19. 

59. 

47,6 

545.  To  determine  whether  an  ecUpse  may  happen  at  opposition,  &id  the 
mean  longitude  of  the  earth  at  the  time  of  mean  opposition,  and  also  the  longi- 
tude of  the  moon's  node ;  then,  according  to  M.  Cassini,  if  the  difference  be- 
tween the  mean  longitudes  of  the  earth  and  the  moon's  node  be  less  than  7^* 
SO',  there  must  be  an  eclipse ;  if  it  be  greater  than  14^  SO',  there  cannot  be  an 
eclipse ;  but  between  7^.  SO'  and  14^.  SO'  there  mai/j  or  may  not  be  an  eclipse. 
M.  de  Lambre  makes  these  limits  7^  47'  and  IS^.  21'. 

Ex.  To  find  whether  there  will  be  an  eclipse  at  the  full  moon  on  February 
S,  1795. 

Sun's  mean  long,  at  S*.  ISf".  SSf.  47*,6  (54S)     10*.  IS?.  27'.  20",8 


i*MMHlfc 


Mean.  long,  of  the  earth         •         -         •        4.  IS.  27.  20,8 
Long,  of  the  moon's  node         •        •        •        4.    8.     1.48,5 


Difference O.     5.  25.  S2,3 


Hence  there  must  be  an  eclipse. 

Examine  thus  all  the  new  and  full  moons  for  a  month  before  and  a  month  af^ 
ter  the  time  at  which  the  sun  comes  to  the  place  of  the  nodes  of  the  lunar  orbit^ 
and  you  will  be  sure  not  to  miss  any  eclipses.  Or  having  the  eclipses  for  the 
last  18  years,  if  you  add  to  the  times  of  tlie  middle  of  these  eclipses,  18y.  lOd. 
or  lid.  7  A.  43'^,  it  will  give  the  times  when  you  may  expect  the  eclipses  will 
return.  2. 
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5%dL  Ti>  tae  cbie  of  wKon  opposition,  compute  ^  the  true  longitudes  of  the 
^tm  imi  stoccu  ai>i  ;he  moon's  true  latitude ;  and  find,  from  the  Tables  of 
uhKt  QtcQMtSi^  chie  liormry  motions  of  the  sun  and  moon  in  longitude,  and  the 
iiiitn>uce  ^/*  oc  their  horary  motions  is  the  relative  horary  motion  of  the 
ttnhm  tut  TVtsf^ct  to  the  sun,  or  the  motion  with  which  the  moon  approaches  to, 
s^  rw*^^^  trom  the  sun  ;  find  also  the  moon's  horary  motion  in  latitude  ;  and 
5up0Oi$e  *t  the  time  (/)  of  mean  opposition,  the  moon  is  at  the  distance  (m) 
crvttt  Mfoation;  then  d  :  m::l  hour  :  the  time  (w)  between  /  and  the  op- 
u0($ttiiw»  which  added  to,  or  subtracted  from  the  time  /,  according  as  the  moon 
t$  us>l  vet  got  into  opposition,  or  is  beyond  it,  gives  tlie  time  of  the  ecb'ptic 

^pyfMsition. 

547.  To  find  tlie  place  of  the  moon  in  opposition,  let  n  be  the  moon's  ho- 
riirv  motion  in  longitude  ;  then,  1  hour  :  w::n  :  the  increase  of  the  moon's 
longitude  in  the  time  a?,  which  applied  to  the  moon's  longitude  at  the  time  of 
the  mean  opposition,  gives  the  true  longitude  of  the  moon  at  the  time  of  the 
ecliptic  opposition.  The  opposite  to  that  must  be  the  true  longitude  of  the 
sun.  Find  also  the  moon's  true  latitude  at  the  time  of  opposition,  by  saying, 
1  hour  :  w : :  the  horary  motion  in  latitude  :  the  motion  in  latitude  in  the  time 
ir,  which  apphed  to  die  moon's  latitude  at  the  time  of  the  mean  opposition,- 
gives  the  true  latitude  at  the  time  of  the  true  opposition  t.  In  like  manner  you^ 
may  compute  the  true  time  of  the  ecliptic  conjunction,  and  the  places  of  the 
sun  and  moon  for  that  time,  when  you  calculate  a  solar  eclipse. 

548.  With  the  sun's  horary  motion  in  longitude,  and  the  moon's  in  longitude 
and  latitude,  find  the  inclination  of  the  relative  orbit,  and  the  horary  moticm 
upon  it.     To  do  this,  let  LM  be  the  horary  motion  of  the  moon  in  longitude, 

1 23.  '^'^^  *h^*  ^^  ^^^^  ^^^  5  ^^  ^^  perpendicular  to  LM  and  equal  to  the  moon's 
horary  motion  in  latitude  ;  take  SbzzMa  and  parallel  to  it,  and  join  Za,  Lb ; 
then  La  is  the  moon's  true  orbit,  and  Lb  its  relative  orbit  in  respect  to  the  sun. 
Hence,  LS  (the  difference  of  the  horary  motions  in  longritude)  :  Sb  (the  moon's 
horary  motion  in  latitude)  ::  radius  :  tan.  bLS  the  inclination  of  the  relative  or- 
bit; and  cos.  bLS  :  radius::  LS  :  Lb  the  horary  motion  in  the  relative  orbit. 
By  Logarithms  the  calculations  are  thus. 

♦  The  method  of  doing  tbU  will  be  explained  in  the  Introduction  to  the  Tables,  in  the  third 
Volume. 

-  t  For  j^reater  certainty  you  may  compute  a^in  from  the  Tables  the  places  of  the  sun  and  moon, 
and  if  they  be  not  exactly  in  opposition,  which  probably  may  not  be  the  case,  as  the  moon's  longritude 
does  not  increase  uniformly,  repeat  tlie  operation.  This  accuracy  however  in  eclipses  is  generally  un- 
necessary ;  for  the  best  lunar  Tables  cannot  be  depended  upon  to  give  the  moon'$  longitude  nearer  thaa 
KT;  therefore  the  probable  error  from  the  Tables  is  vastly  greater  than  that  which  arises  from  the  mo- 
tion in  longitude  not  bcmg  uniform.  Unless  therefore  ver}'  great  accuracy  be  required,  this  operation 
is  unnecessary.  4  ' 
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Log.  Sb  + lOy^log.  i5=log.  tan.  bLS. 
Log.  LS+ 10,— log.  cos.  ftZ^sslog.  Lb. 

M.  de  la  Lanoe  observes,  that  ifwe  add  8"  to  the  difference  of  the  horary  mo- 
tions in  longitude  it  will  give  the  horary  motion  in  the  relative  orbit ;  for  in 
a  right  angled  triangle,  of  which  the  base  is  the  difference  of  the  horary  mo- 
tions in  longitude,  which  is  about  half  a  degree,  and  the  angle  at  the  base 
about  5f%  the  difference  between  the  base  and  hypothenuse  will  always  be 
about  8". 

549.  At  the  time  of  opposition,  find,  from  the  Tables,  the  moon's  horizontal 
parallax,  its  semidiameter,  and  the  semidiameter  of  the  sun,  the  horizontal  pa- 
rallax of  which  we  may  here  take  =  9". 

550.  To  find  the  semidiameter  of  the  earth's  shadow  at  the  moon,  seen  from 

the  earth.     Let  AB  be  the  diameter  of  the  sun,  TR  the  diameter  of  the  earth,     fio. 
O  and  C  their  centers ;  draw  ATy  BR  to  meet  at  /,  and  join  OCI ;  let  FGH     ^24. 
be  the  diameter  of  the  earth's  shadow  at  the  distance  of  the  moon,  and  join.  OT, 
CF.    Now  the  Single  FCGzzCFA^  CIA  J  but  CIAzzOTA^TOC,  therefore 
FCG = CFA  --OTA^  TOCy  that  is,  the  angle  under  which  the  semidiameter  qf 
the  eartVs  shadow  at  the  moon  appears y  is  equal  to  the  sum  qf  the  horizontal  pa^ 
rallases  qfthe  sun  and  moon  diminished  by  the  apparent  semidiameter  of  the  sun. 
In  eclipses  of  the  moon,  the  shadow  is  found  to  be  a  little  greater  than  this 
Rule  gives  it,  owing  to  the  atmosphere  of  the  earth.     This  augmentation  of 
the  semidiameter  is,  according  to  M.  Cassini,  20"  j  according  to  M.  Monnier, 
30" ;  and  according  to  M.  de  la  Hire,  60".     Mayer  thinks  the  correction 

is  about  ^  of  the  semidiameter  of  the  shadow,  or  that  you  may  add  as  many 

seconds  as  the  semidiameter  contains  minutes.     Some  Computers  always  add 
50* ;  but  this  must  be  subject  to  some  uncertainty. 

551.  As  the  angle  CIT  {^OTA-^'IOC)  is  known,  we  have  sin.  TIC  :  cos. 
TIC::  TO  :  CI  the  length  of  the  earth's  shadow.     If  we  take  the  angle  ATO 
==16'.  S"  the  mean  semidiameter  of  the  sun,  T0C=9"  the  horizontal  parallax 
of  tlie  sun,  we  have  CITz=l15'.  54  "j  hence,  sin.  15'.  54"  :  cos.  15'.  54",  or  1  : 
216,2 ::  TC  :  C/^216,2  TC. 

552.  Let  PQ  represent  the  section  of  the  earth's  shadow  at  the  moon,  CN  "^^^j 
the  ecliptic,  NL  the  moon's  orbit ;  draw  Cn  perpendicular  to  CN,  and  Cm 
perpendicular  to  j^X,  and  let  the  moon  at  m  just  touch  the  earth's  shadow  at  r 
externally,  so  that  Cm  may  be  the  sum  of  the  radii  of  the  moon  and  earth's 
shadow ;  then  to  determine  when  this  happens,  we  may  take  the  angle  at  N:=i 
5°.  17',  which  is  very  nearly  its  value  in  all  eclipses,  the  inclination  of  the  lunar 
orbit  being  at  that  time  always  greatest,  as  will  afterwards  be  shown  ;  hence, 
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sine  5**.  17'  :  rad.::  sin.  Cm  :  sin.  CN ;  now  the  greatest  v^Iue  of  Cm  is  about 
1®.  3'.  30";  hence,  the  corresponding  value  of  C^=ll*f  94';  when  therefore 
CN  is  greater  than  that  quantity,  there  can  be  no  eclipse.  According  to  Bff. 
Cassini,  if  th^  latitude  C«  of  the  moop  at  the  time  of  th?  cicUp^Q  co«juncti<«| 
e.T^ceed  the  sum  of  tlie  semidiameters  of  the  earth's  sh^g^i^  2^ij4  ipQQn  by  18*^ 
there  will  be  np  eclipse ;  but  if  it  do  not  exceed  that  sum  b/  lGi\  ther^  wUI  b^ 
an  eclipse.  If  Cm  ^Cr--  rm^  or  the  limbs  touch  interq^y,  th?  ^clipsa  will  btt 
just  tofca^  ;  hence,  if  the  distance  of  the  moon's  node  from  th^  plac^  pf  the  WC^ 
be  less  than  the  computed  value  of  CN  in  this  case,  there  must  be  a  total  ec]Ji|nQ 
of  3on(ie  duration.  If  therefore  it  was  before  doubtful,  and  it  Qpw  ^ppear^  ttmt 
there  will  be  agi  eclipse,  proceed  as  follows  to  coippute  it. 
FTG.  553.  Let  APB  be  that  half  of  the  earth's  shadow  wh§r^  the  mopn  p«99CS| 

1 26,  tlirpugh,  NL  the  relative  orbit  of  the  moon,  on^  figure  repr^seRting  a  partial 

127.  eclipse,  aftd  the  other  a  total  one  ;  draw  Qmr  perpendicylar  tP  Nl ,  and  let  «  b9 
tb?  (;ent?r  of  the  ipopn  at  the  beginning  of  the  eclipse,  m  ^t  tjie  mi4dle,| «  a| 
the  ^nd^  v  at  th?  beginAing  pf  tPtftl  darkness,  w  at  the  end;  alsp^let  4B  he  U\« 
ecliptic,  und  Qn  perpendicular  to  it.  Npw  in  the  right  angle4  triajjgl^  Own,  we 
Know  Cn  the  latitude  of  the  moon  at  the  time  gf  tlie  ecliptic  cppjuvctiouj  and 
(548)  the  angle  Crm^  the  complement  of  the  angl§  whigh  the  ^eUtive  orbit  pf 
the  moon  makes  with  the  ecliptic ;  h?nce,  radius :  (^os.  (.n^ ::  Tn :  rm^  whii^ 
we  call  the  Reduction  ;  and  ra^dius  :  ^p^  CtmivGn  :  Cm.  Jjiy  LpgvIthflW  th^ 
calculatipns  are  thus* 

Log.  cos.  Oim  -i-lpg.  Oio- 10,= log.  nm^ 
Log.  sin.  Oim-flog.  Cn— 10,= log.  Cm. 

The  horary  motion  (//)  of  the  moon  upon  its  relative  orbit  being  known,  we 
know  the  time  of  describing  mn,  by  saying,  h  :  ntn::l  hour  :  the  time  of  de* 
scribing  mn  ;  the  computation  of  this  is  most  readily  performed  by  logistic  t 
Logarithms.  Hence,  knowing  the  time  of  the  ecliptic  conjunction  at  n,  we 
know  the  time  of  the  middle  of  the  eclipse  at  m.  Next,  in  the  right  angled 
triangle  Cww,  we  know  Cm,  and  Cz  the  sum  of  the  semidiameters  of  the  earth'k 
shadow  and  the  moon,  to  find  mz^  which  is  done  thus  by  I^)garithms ;,  as  mzrs$ 

^Cz'-'Cm^^iy/Cz  -f  Cm^Cz-Cm^  the  log. ofmz-\xl,g. ( js:  f  c  wz  +  tog.Qs'-daL 
Hence,  the  horary  motion  of  the  moon  being  known,  we  know  the  time  of  de- 
scribing zmy  which  subtracted  from  the  time  at  m  gives  the  time  of  the  beginningy 

•  If  the  moon  at  n  have  north  or  south  latitude  increasing^  the  anrie  Oim  is  to  be  set  off  to  t&e 
right ;  otherwise  to  the  left  of  Ot. 

i  F4K  the  n^liv?«  au^  use  of  tbeae  Lpgp^rUhw,  W  *Mk  XUX.  %UhiP  ^itjl  of  Yohun^  tt 
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and  addedj  gives  the  time  of  the  end.  In  the  same  manner,  in  the  right  angled 
triangle  Owv,  we  know  Cm,  and  Cv  the  difference  of  the  semidiameters  of 
the   earth's   shadow  and  moon;   hence,  by  Logarithms,  the  log.   q/' mvzz^ 


UiJL 


X  log.  CV  +  L  wi  -h  log.  Cv^Cm;  from  whence^  as  before,  we  know  the  time  of 
describing  TTit;,  which  subtracted  from  the  time  at  m  gives  the  time  of  the  begin- 
ning of  total  darkness^  and  added^  gives  the  time  of  the  end.  The  magnitude 
of  the  eclipse  at  the  middle  is  represented  by  /r,  which  is  the  greatest  distance 
of  the  moon  witliin  the  earth's  ^hadow^  and  this  is  measured  in  terms  of  the  di- 
ameter of  the  l»<K)n,  conceived  to  be  divided  into  12  equal  parts,  called  Digits^ 
or  Parts  deficient;  to  find  which,  we  know  CWi,  the  diiierence  between  which 
and  Cr  gives  mr,  which  added  to  fni^  or  if  m  fall  ont  of  the  shadow  take  the  differ- 
ence betM^ecn  jnr  and  i»/,  aild  we  get  tr  ;  hence,  to  find  the  number  of  digits 
eclipsed,  say,  mt :  tr::6  digits^  or  360\  (it  being  usual  to  divide  a  digit  into  60 
equal  parts,  and  call  them  minutes,)  :  the  digits  eclipsed.  If  the  latitude  of  tht 
moon  be  nortii,  we  ude  the  upper  semicircle ;  if  souths  we  take  the  lorver, 

554.  If  tiie  earth  h^  tio  atmosphere^  when  the  tnoon  was  totally  echpsed  it 
would  be  invisible;  but  we  have  i^own  (201)  that  by  the  refraction  of  the  at«* 
iM^here^  some  rays  will  be  brought  to  fidl  on  the  moon's  surface,  upon  which 
account  the  mbon  will  be  visible  at  that  time,  and  appear  of  a  dusky  red  colour. 
M.  MfiRAiiDi  (Mem.  de  VAcad.  1728)  has  observed^  that^  in  general,  the  earth's 
umbra  at  a  certain  distance  is  divided  by  a  kind  of  penumbra^  from  the  refi:ac- 
tion  of  its  atmosphere.  This  will  account  for  the  circumstance  of  the  moon 
being  more  visible  in  wme  total  eclipses  than  in  others.  It  is  said  that  the 
moon,  in  the  total  eclijMes  in  1601,  1620  and  1642,  entirely  disappeared. 

555.  An  eclipse  o£  the  moon  arising  from  its  real  deprivation  of  light,  it 
must  appear  to  begin  at  the  same  instant  of  time  to  every  place  on  that  hemi- 
sphere of  the  earth  which  is  next  the  moon.  Hence  it  aflbrds  a  very  ready 
method  of  finding  the  difference  of  longitudes  of  places  upon  the  earth,  as 
will  be  afterwards  explained.  The  moon  enters  tiie  penumbra  of  the  earth  be- 
fore it  comes  to  the  umbra,  and  therefore  it  gradually  loses  its  light ;  and  the 
penumbra  is  so  darit  ju»t  at  the  umbra,  that  it  is  difficult  to  Ascertain  the  exact 
time  when  the  moon's  limb  touches  the  umbra,  or  when  the  eclipse  beginfeu 
When  the  moon  has  entered  into  the  umbra,  the  shadow  upon  its  disc  is  tolera- 
bly well  defined^  and  you  ttiay  determine,  to  a  considerable  degree  of  accuiticyy 
the  time  when  any  spot  ent^s  into  the  umbra.  Hence,  the  banning  and  end 
of  a  lunar  eclipse  are  not  so  proper  to  determine  tbe  longitude  from,  ai^  the 
times  at  which  the  umbra  touches  any  of  the  ftpot^ 
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71ie  tifly^  of  iIm:  flMan  &fl  nooo  k  as  SrfL  19L  39.  47*^  by  Ait. 

Bj  Aru  54  >«  it  apptan  dbat  tixre  vill  be  an  ecfipae^ 

My  c/^tnpuutwD  ^>l4y  the  mean  tijne  of  the  edipdc  oppoalioH  is  at  IflL 
4<r«  1  ^9  frr/sn  vfiich  wbtnct  the  eqoaboD  d  tuae  14'.  aoT,  and  vc  ksve  19L 
31 «  -W  the  apparfrot  time  at  Greoividi. 

To  tliis  time  compute  (547)  the  sKKn's  place  in  the  ediptirj  and  h  «9  be 
fcMjnd  4'*  1^'*  15*  57*,  tbe  opposte  point  to  ninch  is  KT.  15^.  If.  57* the  pkee 
of  tlie  Min.  Compute  also  the  moon's  latitude  On,  and  it  wiD  be  fimad  S/.  SBT 
N«  aMrending* 

By  Uie  Tables,  the  horary  modon  of  die  moon  in  latitude  is  Sf.  57*;  Ae 
horary  motion  of  the  sun  is  i.  52',  and  of  the  moon  Si.  9*  in  kMi|^liide 
the  horary  motion  of  the  moon  from  the  sun  in  longitude  is  SS*.  Sf 
quently  (548)  die  horary  motion  of  the  moon  from  the  sun  on  the  icUU%e  oAil 
is  29t.  45^ ;  also,  the  inclination  of  the  relative  oifatt  is  5^.  41'.  Yf.  The  ifdiic- 
tion  nm  (^553)  is  S'.  44' ;  reduce  this  into  time  by  logistic  Loganthou^  and  Ae 
operation  is  thus  i 

S'.44* 1,2061 

29.45 0,S047 


7*  32  time  of  describing  mn  -  0,9014 


llie  nearest  approach  Cm  of  the  centers  is  SY*  28% 

From  12A.  31'.  58"  subtract  T'.  32'  and  it  leaves  12A.  24'.  36",  the  MkUk 
of  the  eclipse. 

By  the  Tables,  the  horizontal  parallax  of  the  sun  is  0'.  9",  and  of  the  moon 
(173)  50.  30";  also,  the  apparent  semidiameter  of  the  sun  is  le*.  16*,  aodrf 
the  moon  15'.  24''.  Hence,  hor.  par.  ©  -f  hor.  par.  a  —  semidiam.  ©+*''' 
=  41'.  1 3",  the  semidiameter  (550)  of  the  earth's  shadow  increased  by  50"  for 
refraction.     Ilcnce,  by  Article  553, 
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Semid.  a  +  semid.  e  's  shad.  56\  37"  =  3397" 
Nearest  app.  of  centers    -    37.  28  =  2248 


Sum         -         .         .         .  -         5645 -log.  3,751664 

Difference        -        ....        1 149 -log.  3,060320 


2)6,811984 


Log.  of  2546",8  =  42'.  26",8  mot  of  half  duration  3,40^992 


Reduce  this  into  time  by  the  logistic  Logarithms. 

29'.  45"         .         .  -         0,3047 

42.  27  -         -  -         0,1503 


1^.  25.  37  half  duration        -        0,8456 


Subtract  this  from  and  add  it  to  12*.  24'.  26",  and  we  get  lOh.  58'.  4^"  for  the 
Beginnings  and  1 3h.  50'.  3"  for  the  End, 

From  0= 41'.  13"  subtract  Ciw=:37'.  28",  and  we  get  »tr  =s  3'.  45^ ;  hence, 
(553)  mr-vmtz=LrtzilQ\  9"  the  parts  deficient ;  consequently  15'. 24'  :  19'.  9'':: 
6rf.  or  360'  :  Id.  27'.  36"  the  digits  eclipsed. 

■*  *  • 

By  logistic  Logarithms  the  computation  is  thus ; 

19'.    9"log.  +  l,         .         -         1,4960 
15.  24  .  -  -         0,5906 


-  ■  A 


7^  27. 36         -         -         -       -         0,9054 


Hence,  the  times  of  this  eclipse  are  February  S,  1795,  the 

Beginning  at        -        itf*.  58'.  49") 

Middle        -        -        12.  24.  26  >apparent  time  at  Greenwich. 

End  -  .        13.  50.    3  } 

Duration    -  -  2.  51.  12 

Digits  eclipsed     -  7"*.  27.  36  on  the  moon^s  south  limb,  as  repre- 

sented in  Fig.  126.  which  ws^  constructed  for  this  eclipse. 

6 
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%jiQ  wi  w  tcLiNB  «w  vNfc  %^m^ 


EXAMPLE  11. 

A  Computation  iff  a  Ihtd  Eclipse  of  the  Moon^  on  Decmk/t  S»  1^97 ; 
J&r  the  Meridian  of  the  Royal  Observatory  at  Greenwich. 

By  Art.  54eSj  it  appears  that  there  will  be  an  eclipse  at  this  fiill  moon. 

By  computation  (546)  tlie  menn  time  ^  the  eciipt2(i  <^(>sitiofi  is  id.  16&. 
16'.  46";  to  which  add  9'.  18"  the  equation  of  time,  and  you  get  Sd.  16A*  26'.  4* 
for  the  apparent  time. 

To  this  time  compute  (^^7)  the  fnoon's  place  in  the  ^^ptic,  and  it  will  be 
found  to  be  2*.  12°.  35'.  19";  consequently  the  sun's  place  is  8*.  J2^  S5'.  19*. 
Compute  also  the  moon^  latitude  Cn^  and  it  will  be  found  4'.  55^  S.  decreaa- 

ing. 

By  the  Tables,  the  hwary  motion  of  the  moon  in  latitude  is  S'.  15^ ;  the  ho- 
rary motion  of  t4ie  sun  is  2'.  32",  ^nd  of  the  moon  S5*.  14"  in  longitude  ;  hence, 
the  horary  motion  of  the  moon  from  the  sun  in  longitude  is  32'*  42";  conse- 
quently the  horary  motion  of  the  moon  from  the  sun  on  the  relative  orbit  (548) 
is  32'.  W  ;  also,  the  indination  of  the  relative  orbit  is  5^.  40'.  S4^ 

The  reduction  nm  (553)  is  0'.  29" ;  reduce  this  into  time  by  the  logistic  Ix^ 
j^tbms,  tnd  die  operatimi  is  thus. 

32'.  50'         -         -         -         -         -         0,2618 
C.  29 2,0989 

O.  53  time  of  describing  mn        -         1,8321 


^■^ 


The  nearest  approach  Cm  of  the  centers  is  4'.  54". 

To  16A.  26'.  4-  add  53"  and  it  gives  16A.  26'.  57'  for  the  Middle  of  the 
eclipse. 

By  the  Tables,  the  horizontal  parallax  of  the  sun  is  0".  9^,  iitid  dP  the  moon 
(173)  59'.  9";  also,  the  apparent  semidiameter  of  the  sun  is  16'.  17*,  and  of  the 
moon  16'.  6".  Hence,  hor.  par.0-fhor.  par.  c  —  ^emid.<^ -hd(faet4S'.  51", 
the  seondiameter  (550)  of  the  earth's  shadow  increased  by  50"  fbf  refraction. 
And  as  Cr  (=43*.  51')  is  greater  than  Cm  +  ms  (  =  21'),  the  eclipse  must  Be 
total. 

Hence  by  Article  553^ 

5 


Semid.  €  +peii|id.e'8  shad.  59',  57''=359/ 
Nearest  iipp.  o^  the  centers    4..  54  ==  294 


Sum 
Difference 


SS9 1  ^  log.  3,59006 1 2 
8803  -  log.  3,51 89086 


2)7,1089698 


•^—•.••ii^r*""^*^^^ 


Log.  of  3585"  Z2  ifg^.  45*  BaQt  of  kalf  duration    .    Sy5344»4» 


4(\ 


PWW^^"^^^^^^» 


Reduce  this  into  time  by  the  logistic  Logarithms ;  but  because  the  feuiilk 
term,  in  this  case,  would  come  out  a  greater  quantity  than  that  to  which  the 
Table  extends,  we  will  take  the  halt*  of  59'.  45^',  ^d  then  double  the  con- 
clusion ; 


82'.  50'' 
29.  52,5 


0,80285 
Q,Q410^ 


Hence,  Ih.  49'.  iV  ia  the  half  duration ;  which  sut^tracted  from  and  added 
to  16//.  26'.  57",  gives  14A.  87'.  46"  fpr  the  Beginning,  and  18A.  lisf.  9"  lor  the 
End. 

By  tlie  same  Article,,  we  find  the  time  of  half  th^  dyr^t^on  of  tQtat  ^kness 
thus : 

Semid.  e  *8  shad.  -  semid.  c  27'.  45"=  1 665" 
Nearest  app.  of  the  centers    4.  54=  s^94 


Sum 
Difference 


1959 -log.  9,29208^ 
1871 -log.  3,1370375 

2)6,42907  Ift 


■».• 


Lpg.  gf  je^gfsS?'.  1^"  mot,  of 4  4w.  Qf  tCt.  4?irK,  3,2145350 


'M.     I. 


Keduce  this  into  time  by  iht  logistic  Lo^sqjlihnilp^ 
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52'.  50"         ^         -         -         -         0,2618 
27.  19  -         -         -         -         0,3417 


49.  55  half  duration  of  total  darkness  0,0799 


Subtract  this  from  and  add  it  to  16A.  26'.  ST,  and  it  gives  15A.  37'.  2"  for  the 
beginning  of  total  darkness,  and  1 7A.  1 6'.  52'  for  the  end. 

From  0=43'.  51"  subtract  On =4'.  54",  and  we  get  fnr=SS\  57%  to  which 
add  «m=  16'.  6",  and  we  get  tr^55\  3"  the  parts  deficient ;  heiice,  16*.  6*  :  5i. 
3" ::  6%  or  360',  :  20^  31'  the  digits  eclipsed.  The  operation  by  logistic  Loga- 
rithms  is  thus. 

55'.  3"  log. +  1,        -        -        -         1>0S74 
16.  6  .  -  -  -         0,5713 


20*.  31.  O  ....         0,4661 


Hence,  the  times  of  this  eclipse  are  December  3,  1797,  the 


Beginning  at        -        -        -         14  .  37'.  46" 


Total  darkness  ends    -         -  17.   16.  52 

End  of  the  eclipse      -          -  18.   16.     8 

Duration  of  total  darkness    -  1.   39.  50 

Duration  of  the  whole  eclipse  3.  38.  22 

Digits  eclipsed     -         -        -  20^31.     O 


at  Greenwich. 


If  the  time  corresponding  to  the  difference  between  the  meridian  of  Green- 
wich and  that  of  any  other  place,  be  applied  to  the  times  here  found,  it  will  give 
the  times  at  that  place. 

^®*  556.  Instead  of  computing  the  first  eclipse,  it  may  be  constructed  thus.  Having 

*  a  scale  of  minutes  and  seconds,  with  the  center  C  and  radius  05=41'.  13",  the 
semidiameter  of  the  shadow,  describe  a  circle ;  draw  Cn  perpendicular  to  ABC 
and  equal  to  37'.  19"  the  moon's  latitude  at  the  ecliptic  conjunction  ;  make  the 
angle  CnN:=S4i^.  18'.  33"  the  complement  of  the  angle  which  the  relative  orbit 
makes  with  the  ecliptic,  and  produce  Nn  to.L  ;  with  a  radius=:56'.  37",  the 
sum  of  the  semidiameters  of  the  earth's  shadow  and  moon,  set  off  Cs,  Cr;  let 
fall  the  perpendicular  Cm  upon  JS/L  ;  and  with  the  centers  Zy  w,  ,r,  and  radius 
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==15'.  24%  the  semidiameter  of  the  moon,  describe  the  circles  representing  the 
moon.  To  find  the  beginning,  middle  and  end,  mark  the  point  n,  I2h.  32*  the 
time  of  the  ecliptic  conjunction  ;  and  with  a  radius  equal  to  the  relative  horary 
motion  of  the  moon  upon  NL^  set  off  that  extent  from  n  both  ways,  and  divide 
each  interval  into  as  many  equal  parts  as  you  conveniently  can,  and  continue 
these  divisions  to  z  and  x,  and  the  times  corresponding  to  the  points  Zy  niy  x 
show  the  beginning,  middle  and  end  of  the  eclipse.  And  if  tr  be  measured  upon 
the  scale,  it  will  show  the  digits  eclipsed.  This  method  will  give  the  time  suffi* 
ciently  near,  when  you  only  want  to  predict  the  etilipse,  as  you  may  depend 
upon  the  time  to  a  minute,  if  the  radius  CB  be  six  or  seven  inches.  You  may 
proceed  in  the  same  manner  if  the  eclipse  be  total. 


On  an  Eclipse  of  the  Sun. 

557.  An  eclipse  of  the  sun  is  caused  by  the  interposition  of  the  moon  be* 
tween  the  sun  and  spectator,  or  by  the  shadow  of  the  moon  falling  on  the  earth 
at  the  place  of  the  observer.  The  difierent  kinds  of  eclipses  will  be  best  ex- 
plained by  a  Figure.  Let  S  be  the  sun,  M  the  moon,  AB  or  A'B^  the  sur&ce  fig* 
of  the  earth}  draw  tangents  ;wt;5,  qzvr  from  the  sun  to  the  same  side  of  the  *2^' 
moon,  and  rvz  will  be  the  moon's  umbra^  in  which  no  part  of  the  sun  can  be 
seen ;  if  tangents  ptbd^  qwac  be  drawn  from  the  sun  to  the  opposite  sides  of  the 
moon,  the  space  comprehended  between  the  umbra  and  wacy  tbd^  is  called  the 
penumbra^  in  which  part  of  the  sun  only  is  seen.  Now  it  is  manifest,  that  if 
AB  be  the  surface  of  the  earth,  tlie  space  mn  where  the  umbra  &lls  will  suffer 
a  total  eclipse  ;  the  part  amj  bn  between  the  boundaries  of  the  umbra  and  pen- 
umbra will  suffer  a  partial  eclipse ;  but  to  all  the  other  parts  of  the  earth  there 
will  be  no  eclipse.  Now  let  A'B>  be  the  siur&ce  of  the  earth,  the  earth  being, 
at  different  times,  at  difierent  distances  from  the  moon ;  then  the  space  within 
rs  will  suffer  an  annular  eclipse ;  for  if  tangents  be  drawn  from  any  point  o 
within  rs  to  the  moon,  they  must  evidently  &U  within  the  sun,  therefore  the 
sun  would  appear  all  round  about  the  moon  in  the  form  of  a  ring ;  the  parts 
CTy  sdy  will  suffer  a  partial  eclipse ;  and  the  other  parts  of  the  earth  will  suffer 
no  eclipse.  In  this  case  there  can  be  no  total  eclipse  any  where,  as  the  moon's 
wnbra  does  not  reach  the  earth.  According  to  M.  du  Sejour,  an  eclipse  can 
never  be  annular  longer  than  12'.  24",  nor  total  longer  than  7'.  58^ 

558.  The  umbra  arvz  is  a  cone,  and  the  penumbra  xvcdt  the  frustrum  of  a 

cone  whose  vertex  is  V*    Hence,  if  these  be  both  cut  through  their  common 

axis  perpendicular  to  it,  the  section  of  each  will  be  a  circle  having  a  common 

center  in  the  line  joining  the  centers  of  the  sun  and  moon,  and  the.  penumbra 

r  includes  the  umbra. 
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559.  The  moon's  mean  motion  about  th%  refiter  of  the  earth  19  at  the  rate  of 
about  39'  in  an  hour  ;  bnt  33'  of  the  moon's  orbit  it  about  2280  miles,  ^vhstch 
therefiyre  we  may  oonsidrr  as  the  velocity^  with  which  the  moon's  shadow  pasMi 
over  the  earth  ^  but  this  is  the  vetoritf  itpon  the  surface  of  the  earth  where  the 
shadow  falls  perpendicularly  upon  it,  it  beii^  the  velocity  perpendicular  to  Mv; 
in  every  other  place  the  velocity  over  the  surface  will  be  increased  in  the  pro- 
portion of  the  sine  of  the  angle  which  Mv  makes  with  the  surfiiee  in  the  direo- 
tkm  of  its  motion,  to  radius.  But  the  earth  having  a  rotation  about  its  aaus^ 
the  relative  velocity  of  the  moon's  shadow  over  any  given  point  of  the  stnftce 
wiH  be  different  from  this}  if  the  point  be  moving  in  the  direction  of  the  sha- 
dow, the  velocity  of  the  shadow  in  respect  to  that  point  mil  be  diminialied, 
and  consequently  tlic  time  the  shadow  is  passing  over  it  will  be  increased;  but 
if  the  point  be  moving  in  a  direction  contrary  to  that  of  the  shadow,  as  is  the 
case  when  the  shadow  falls  on  the  other  side  of  the  pole,  the  time  will  be  di- 
minished. The  length  of  a  solar  eclipse  is  therefore  affected  by  the  earth's  ro- 
ttttiotl  ftbotit  its  axis. 
FIG.  SBO.  Let  ^  be  fhe  center  of  the  earth  TVj  S  the  sun,  E^  the  ediptic,  to 
129.  which  draw  JSr  perpendicular ;  join  TSy  and  draw  T\c  parallel  to  ES;  let  Lm 
be  the  distance  of  the  center  m  of  the  moon  ay  in  conjunction  from  the  ecliptic 
at  the  tiitie  it  touches  the  circle  vz  representing  the  apparent  magnitude  of  the 
sun,  whose  center  &  is  in  TS;  and  let  Lm  intersect  2  w  in  /.  ITien  ZmrzLt 
^^-f^;  or  if  we  take  the  angles  under  which  these  lines  appear  as  seen  fixmi 
t^e  earth,  Lt  is  measured  by  the  angle  XrTY,  or  TLE  the  hot.  par.  of  the  moM, 
ts  i#  measured  by  //>,  or  TSE  the  hot.  par.  <^  the  sun,  and  sm  is  the  sios  of 
the  apparent  semidiameters  of  the  sun  and  moon ;  hence,  the  angular  distaiice 
Lm  ^  bon  par/  a  ^  hor.  par.  <^  +  semid.  &  +  semid.  €  .  According  to  M«  Cas- 
mWy  if  the  latitude  of  the  moon  at  the  time  of  the  ecliptic  conjonctioii  esccecd 
Ibis  quantity  by  ^St\  there  can  be  no  eclipse;  but  if  it  do  not  eicceed  it  by 
Dhiore  than  iff'  there  must  be  an  eclipse.  Or  the  ecliptic  limits  may  be  ftuifd 
thus.  P}nd  (545)  the  thne  of  the  mean  conjunction,  and  at  that  time  find  the 
Mn*s  mean  longitude,  and  also  the  longitude  of  the  moon's  node ;  and'  if  the 
difference  of  these  be  less  than  21%  but  greater  than  15^,  ^eteim^he  sai 
edfpse ;  but  if  the  di ffference  be  less  than  1 5*^,  there  rmist  be  an  eclipse,  accord- 
no.  ing  to  M.  Cassiot.  The  ediptic  limits  may  also  be  found  in  this  manner.  Let 
1  so.  NE  be  the  ecliptic,  NM  the  moon's  orbit,  Lr  the  radios  of  the  eaifh,  Md  ftur 
the  radius  of  the  moon's  penumbra  just  passing  by  the  earth  and  toucbiog'  it, 
and  draw  Lv  perpendicular  to  LN;  then  Lm  when  greatest  is  1%  M*.  JJT*,  and 
taking  the  angle  iVr-5^.  iT*,  we  have  sin.  5*.  IT* :  rad.::sm.  1^  S4f.  QlT  :  siti. 
NL-riW.  21'.  27",  and  as  the  value  of  mo  is  only  9',  we  may  take  thia  value  of 
LN  to  be  the  earth's  distance  firom  the  node  at  the  time  of  the  ecliptic  conpmc- 
tion;  if  therefore  that  distance  be  less  than  17^  21'.  27"  at  the  time  of  the 
ecliptic  conjunction,  there  may  be  an  eclipse.  * 
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561.  An  eclipse  of  the  sun^  or  rather  of  the  earth,  without  respect  to  any 
particular  place,  nuiy  be  calculated  exactly  in  the  same  manner  as  an  eclipse  of 
the  moon,  that  is,  the  times  when  the  moon's  umbra  or  penumbra  first  touches 
and  leaves  the  earth  ;  but  to  find  the  times  of  the  beginning,  middle  and  end 
at  any  particular  place,  tlie  apparent  place  of  the  moon,  as  seen  from  thence, 
must  be  determined,  and  consequently  its  parallax  in  latitude  and  longitu^^ 
must  be  computed,  which  renders  the  calculation  of  a  solar  ellipse  e^tremi^ly 
long  and  tedious.  We  shall  endeavour  to  render  the  whole  operation  as  dear 
as  possible,  by  precept  and  example. 


To  calculate  an  Eclipse  of  the  Sun  for  any  particular  Place. 

562.  Having  determined  (560)  that  there  will  be  an  eclipse  somewhere  upon 
the  earth,  compute,  by  the  Astronomical  Tables,  the  true  longitudes  of  the 
sun  and  moon,  and  the  moon's  true  latitude,  at  the  time  of  mean  conjunction 
(544);  find  also  the  horary  motions  of  the  sun  and  n)oon  in  longitude,  and  the 
moon's  horary  motion  in  latitude ;  and  compute  the  time  of  the  eclipti^  con- 
junction of  the  sun  and  moon,  in  the  same  manner  (546)  as  the  time  of  the 
ecliptic  opposition  was  computed.  At  the  time  of  the  ecliptic  conjun<^tiorf, 
compute  (547)  the  sun^s  and  moon's  longitude,  and  the  moon's  latitude';  Arid 
also  the  equatorial  horizontal  parallax  of  the  moon  from  the  Tables  of  the  moon^s 
motion,  and  reduce  it  (173)  to  the  horizontal  parallax  for  the  given  latitude, 
from  which  subtract  the  sun's  horizontal  parallax,  and  you  get  the  horizontal 
parallax  of  the  moon  from  the  sun  ;  reduce  also(lV3)  the  apparent  latitude  of 
the  place  on  the  spheroid  to  the  latitude  on  a  sphere.  ■ 

563.  To  this  reduced  latitude  of  the  place,  and  the  corresponding  horizon- 
tal parallax  of  the  moon  from  the  sun,  (which  we  here  use  instead  of  thp  hott- 
zontal  parallax  of  the  moon,  as  we  want  to  find  what  effect  the  parallax  has  in  i 
altering  their  apparent  relative  situations,)  at  the  time  of  the  ecliptic  conjunc- 
tion, compute  (164)  the  moon's  parallax  in  latitude  and  longitude  from  the  sun; 
the  parallax  in  latitude  applied  to  the  true  latitude  ^ves  the  apparent  latitude 
(L)  of  the  moon  from  the  sun  ;  and  the  parallax  in  longitude  shows  the  appa- 
rent difference  C^)  ^  ^^  longitudes  of  the  sun  and  moon*  pj^^ 

564.  Let  *Sbe  tbe  sun,  J5C  the  ecliptic  ;  take  AM  =  Z^,  draw  AfZV  pe^pen-      IM, 
dicular  to  Af*V,  and  take  it=X,  then  N  is  the  apparent  place  of  the  moon, 

and  SNzz^iyTT?  is  the  2q)parent  distance  of  the  moon  from  the  sun. 

565.  If  the  moon  be  to  the  east  of  the  nona^esimal  degree,  the  parallax  m- 
creases  the  longitude ;  if  to  the  westy  it  diminishes  it ;  hence  if  the  true  longi- 
tudes of  the  sun  and  moon  be  equals  in  the  former  Ga3e.the  apparent  place^will 
lie  from  S  towards  E^,  and  in  the  latter  towards, C^   To  some  time»  a3  an^t^our. 
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c^er  the  true  conjunction  if  the  apparent  place  be  towards  C,  or  if  the  moon 
be  to  the  "o^est  of*  the  nonagesimal  degree ;  or  hejbre  the  true  conjunction  if  the 
apparent  place  be  towards  £,  or  if  the  moon  be  to  the  east  of  the  nonagesimal 
degree,  find  the  sun's  and  moon's  true  longitude,  and  the  moon's  true  latitude, 
from  their  horary  motions ;  and  to  the  same  time  compute  the  moon's  parallax 
in  latitude  and  longitude  from  the  sun ;  apply  the  parallax  in  latitude  to  the 
true  latitude,  and  it  gives  the  apparent  latitude  (I)  of  the  moon  from  the  son; 
take  the  diflference  of  the  sun's  and  moon's  true  longitude,  and  apply  the  paral- 
lax in  longitude,  and  it  gives  the  apparent  distance  (d)  of  the  moon  from  4fae 
sun  in  longitude.  From  S  set  off  SF  rr  cf,  and  to  EC  erect  the  perpendicular 
FQ,  equal  to  /,  and  Q  is  the  apparent  place  of  the  moon  at  one  hour  from  the 
true  conjunction ;  and  5Q= v^rf*T?  is  the  apparent  distance  of  the  moon  from 
the  sun ;  draw  the  straight  line  -A^Q,  and  it  will  nearly  represent  the  relative 
apparent  path  of  the  moon,  considered  as  a  straight  line,  in  general  it  being 
very  nearly  so ;  its  value  also  represents  the  relative  horary  motion  of  the  moon 
in  tiie  apparent  orbit,  the  relative  horary  motion  in  longitude  being  MP. 

566.  llie  difference  between  the  moon's  apparent  distance  in  longitude  from 
the  sun  at  the  time  of  the  true  ecliptic  conjunction,  and  at  the  interval  of  an 
hour,  gives  the  apparent  horary  motion  (r)  in  longitude  of  the  moon  fix>m  the 
sun ;  the  di£ference  (D)  between  the  true  longitude  at  the  ecliptic  conjunction, 
and  the  moon's  apparent  longitude  is  the  apparent  distance  of  the  moon  from 
the  sun  in  longitude  at  the  true  time  of  the  ecliptic  conjuncticm ;  hence,  r  :  D 
;:  1  hour  :  the  time  from  the  true  to  the  apparent  conjunction,  consequently 
we  know  the  time  of  the  apparent  conjunction.  To  find  whether  this  time  is 
accurate,  we  may  compute  (from  the  horary  motions  of  the  sun  and  moon)  their 
true  longitudes,  and  the  moon's  parallax  in  longitude  from  the  sun,  and  apply 
it  to  the  true  longitude  and  it  gives  the  apparen^ongitude,  and  if  this  be  the 
saine  as  the  sun's  longitude,  the  time  of  the  apparent  conjunction  is  truly 
ibund ;  if  they  be  not  the  same,  find  from  thence  the  true  time,  as  before.  To 
the  true  time  of  the  apparent  conjunction,  find  the  moon's  true  latitude  from 
its  horary  motion,  and  compute  the  parallax  in  latitude,  and  you  get  the  appa- 
rent latitude  at  the  time  of  the  apparent  conjunction.  Draw  SA  perpendicular 
to  CE  and  equal  to  this  apparent  latitude ;  then  the  point  A  will  probably  not 
fUl  in  UQi  ;  first  let  it  M  in  QitJ^  to  which  draw  SB  perpendicular,  and  HJjL 
parallel  to  PM^  meeting  PQi  in  ij.  Then  knowing  NR  {ziPMJ^  and.Q/{ 
(^zzQP^MNJy  we  have 

NR  :  RQ::  rad.  :  tan.  QNR,  or  ASB 
Sin. qNR  :  rad. ::  QR  :  QN 

The  time  of  describing  NQ  in  the  apparent  orbit  being  equal  to  the  time  from 
Af  to  P  in  longitude,  NQ  is  the  horary  motion  in  the  apparent  orbit. 
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Rad-  :  sin.  ASBi:  AS  :  AB. 
Rad.  :  cos.  ASB ::AS  :  SB. 

567.  At  the  apparent  conjunction  the  moon  appears  at  Aj  which  time  (566) 
is  known ;  when  the  moon  appears  at  By  it  is  at  its  nearest  distance  from  the 
sun,  and  consequently  the  time  is  that  of  the  greatest  obscuration,  (usually 
called  the  time  of  the  middle,)  provided  there  is  an  eclipse,  which  will  always 
be  the  case  when  SB  is  less  than  the  sum  of  the  apparent  semidiameters  of  the 
sun  and  moon.  If  therefore  it  appears  that  there  will  be  an  eclipse,  we  proceed 
thus  to  find  its  quantity,  and  the  beginning  and  end.  As  we  may  consider 
the  motion  to  be  uniform,  QN  :  AB : :  the  time  of  describing  NQ  :  the  time  of 
describing  A  By  which  added  to  or  subtracted  from  the  time  at  Ay  (according 
as  the  apparent  latitude  is  decreasing  or  increasing,)  gives  the  time  of  the 
greatest  obscuration.  Or  instead  of  taking  QNy  and  the  time  of  describing  it, 
we  may  take  An  (569)  and  the  corresponding  time,  which  will  be  more  ac- 
curate. 

568.  From  the  sum  of  the  apparent  semidiameters  of  the  sun  and  moon  sub- 
tract BSy  and  the  remainder  shows  how  much  of  the  sun  is  covered  .  by  the 
moon,  or  the  parts  deficient;  hence,  semid.  o  :  parts  deficient::  6  digits :  the 
digits  eclipsed.  If  SB  be  less  than  the  difference  of  ^e  semidiameters  of  the 
sun  and  moon,  and  the  moon's  semidiameter  be  the  greater y  the  eclipse  will  be 
total;  but  if  it  be  the  lessy  the  eclipse  will  be  annulary  the  sun  appearing  all 
round  the  moon  j  if  B  and  i^  coincide,  the  eclipse  will  be  central. 

569.  Let  A  fidl  out  of  QN;  and  to  increase  the  accuracy,  near  to  the  appa- 
rent conjunction,  that  is  within  10  or  15  minutes,  calculate  the  apparent  lon- 
gitude mS  of  the  moon  from  the  sun,  and  the  apparent  latitude  mn  ;  draw  nr 
parallel  to  Sm;  and  in  the  triangle  Anry  find  the  angle  Anr  which  is  equal  to 
ASB^  and  compute  SBy  AB  as  before.  But  except  in  cases  where  very  great 
accuracy  is  required,  this  is  unnecessary.  If  NQ  were  a  perfect  straight  line, 
the  first  operation  would  give  the  correct  values  of  A  By  BS.  ICepler,  in  an 
eclipse  in  1598,  found  a  curvature  of  more  than  S'  in  three  hours,  because  the 
moon  was  very  near  thie  nonagesimal.  In  the  eclipse  in  1 764,  M.  de  la  Lande 
found  a  curvature  of  26^,  but  he  does  not  say  in  what  time.  It  is  owing  to 
this  circumstance,  that  is,  the  curvature  of  NQy  that  it  is  necessary  to  find  ano- 
ther point  near  to  Ay  in  order  to  determine  accurately  the  values  of  ABy  SB. 
Having  determined  the  value  of  SBy  and  the  time  of  the  greatest  obscuration, 
we  thus  find  the  beginning  and  end. 

570.  Produce,  if  necessary,  QNy  and  take  SFy  SW  equal  to  the  sum  of  the 
apparent  semidiameters  of  the  sun  and  mo9n,  at  the  beginning  and  end  respect* 
ively;   then  BV^y/SV^^SB"^   (5  being  now  supposed  in  Qi^,  and  BW^ 

y/  SJV^^SB"  y  then  to  find  the  times  pf  describipg  these  spaces,  say,  as  the 
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hourly  motion  of  the  moon  in  the  apparent  orbit,  or  NQ^  :  BV::1  hour  :  &e 
time  of  describing  VB;  BndNQ  :  BWwl  hour  :  the  time  of  describing  BW^ 
which  times  respectively  subtracted  from  and  added  to  the  time  of  the  greatest 
obscuration,  give  nearly  the  times  of  the  beginning  and  end.  But  if  accuracy 
be  required,  this  metliod  will  not  do  ;  for  it  supposes  VfVtohe  a  straight  lilies 
which  supposition  will  cause  errors,  too  considerable  in  general  to  be  neglect- 
ed, and  will  not  do  where  great  accuracy  is  required.  It  may,  however,  alwajFS 
serve  as  a  rule  to  assume  the  time  of  die  beginning  and  end.  Hence  it  foUowv, 
that  the  time  of  the  greatest  obscuration  at  J3,  is  not  necessarily  equidistaat 
from  the  beginning  and  end* 

SI  1 .  If  the  eclipse  be  total,  consider  SV^  5^equal  to  the  di&rence  of  the  serai- 
diameters  of  the  sun  and  moon,  and  then  JBTsr  J3^=y/*SP*-A5%from  whence 
we  may  find  the  times  of  describing  BVyBfF^os  before,  which  we  may  consider 
as  equal,  and  which  applied  to  the  time  of  the  greatest  obscuration  at  B^  give 
the  time  of  the  beginning  and  end  of  the  total  darkness. 

572.  To  find  more  accurately  the  time  of  the  beginning  and  end  of  the  eclipse, 

no*     we  must  proceed  thus.     At  the  estimated  time  of  the  beginning,  find,  from  the 

182.     horary  motions,  and  the  computed  parallaxes,  the  apparent  latitude  MNt>f  the 

moon,  and  its  apparent   longitude  MS  from  the  sun,  and  we  have  SN=s 

^JSM*  +  MN^j  and  if  this  be  equal  to  the  apparent  semid.  €  +  semid.  ©  (which 
sum  call  SJ  the  estimated  time  is  the  time  of  the  beginning;  but  if  SN  be  not 
equal  to  iS',  assume  (as  the  error  directs)  another  time  at  a  small  interval  from 
it,  before,  if  SN  be  less  than  5',  but  after j  if  it  be  greater  ;  to  that  time  com* 
pute  again  the  moon's  apparent  latitude  mnj  and  apparent  longitude  Sm  from 

the  sun,  and  find  Sn  tr  ^Sm*  +  wm*  ;  and  if  this  be  not  equal  to  6,  proceed  thus  j 
as  the  difference  of  Sn  and  SN :  the  difference  of  Sn  and  SL  (  =  A^::  the 
above  assumed  interval  of  time,  or  time  of  the  motion  tlirough  Nn,  :  the  time 
through  nLj  which  added  to  or  subtracted  from  the  time  at  n,  according  as  Sn 
is  greater  or  less  than  SL^  gives  the  time  of  the  beginning.  The  reason  of  this 
operation  is,  that  as  Nn^  nL  are  very  small,  they  will  (266)  be  very  nearly  pro- 
portional to  the  differences  of  SN,  Sn,  and  Sn,  SL.  But  as  the  variation  of 
the  apparent  distance  of  the  sun  from  the  moon  is  not  exactly  in  proportion 
to  the  variation  of  the  differences  of  the  apparent  longitudes  and  latitudes,  in 
cases  where  the  utmost  accuracy  is  required,  the  time  of  the  banning  thus 
found  (if  it  appear  to  be  not  correct)  may  be  corrected,  by  assuming  it  for  a 
third  time,  and  proceeding  as  before.  This  correction,  however,  will  never  b^ 
necessary,  except  where  extreme  accuracy  is  required  in  order  to  deduce  some 
consequences  from  it.  But  the  time  thus  found  is  to  be  considered  as  accurate^ 
only  so  far  as  the  Tables  of  the  sun  and  moon  can  be  ^depended  upon  for  their 
accuracy  ;  and  the  best  lunar  Tables  are  subject  to  an  error  of  10"  in  Icmgitude, 
which,  in  this  eclipse,  would  make  an  error  of  about  half  a  minute  in  the 
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time  df  the  heginrAng  md  end.  Hence^ ,  accorate  obsK^rratioiii  of  an  tcKfise 
cMtpated  with  the  conqylnted  time,  iurnisbes  the  meam  <^  oorrectiag  the  IiidM' 
Tables/ad  WiH  be  afterwards  explained.  In  the  same  maimer  the  end  «f  tine 
ecHpit  may  be  eomputed^ 


EXAMPLE. 

To  Compute  the  Times  of  the  Solar  Eclipse  on  April  3, 1791 ; 
for  the  Royal  Observatory  at  Greenwich. 

The  time  of  the  mean  conjunction  (544)  is  April  3,  2h.  58'.  15'  mean  time, 
at  which  time  we  find 

Mean  long,  of  the  sun        -        .        O'.  1 1"".  51'.  16" 
Long.  (^  die  moon's  desc.  node  -^        o.  23.   14.  44 


m0*'0m^mm^mm 


Mean  long,  rf  ©from  €  *s  node  -        O.  lO.  25.  28 


tm^i^i^tmmtmi.mmmt^'mmmi^tmmt 


Hence  (560)  there  must  be  an  ecUpse  somewhere  upon  t)ie  earth« 

To  the  mean  time  of  the  new. moon,  compute  the  sun's  and  titxoon's  true  hm^ 
gitudes,  and  they  will  be  found  to  be  O*.  13^  4T.  4S",  and  0^.  14''.  49',  24"  {^ 
compute  also  the  moon's  true  latitude,  and  it  will  be  fonnd  to  be  38?.  49"  N» 
descending.  At  the  same  time,  the  son's  horary  motioii  is  found  to  be  2*.  2S\ 
the  moon's  horary  motion  in  lon^ude  is  90'.  1 2%  and  in  latitude  2'.  46"  de« 
creasing }  hence,  the  moon's  horary  motion  in  longitude  ftom  the  sun  is  27'.  44"^ 

By  proceeding  as  directed  in  Article  547,>  Dve  find  the  mean  time  of  thei 
ecliptic  conjunction  of  the  sun  and  moon  to  be  Sdi  Oh*  44'.  48*,  from  whic^ 
subtract  3*.  18"  the  equation  of  time,  itnd  H  gives  the  iqpparent  time  Stl.  Oh. 
4l\  30*  f  at  which  time,  the  sun's  and  moon's  longttude  hi  the  ecl^tic  is  O^* 
l8^  42f.  14"  i  and  the  moon's  troe  latitude  is  44*.  59^  N,  descending.  The  ho- 
inontal  parallax  of  the  moon  is  54'.  46",  and  of  the  sun,  9" ;  hence,  the  hori- 
amtitt)  parallax  of  the  moon  from  the  sun  is  54'.  S'f ;  therefore  (173,  164)  the 
moon's  paralkix  in  longitude  from  the  sun  is  •^20^.  56",  and  its  paraUax  in  la^ 
titude  from  the  sun  is — 33".  44" ;  hence,  —  20'.  56"  is  the  apparent  distance  of 
the  moon  from  the  sun  in  longitude  ^  also  the  apparent  latitude  from  the  sun  is 
11'.  15"  north. 

As  the  moon  is  to  the  west  of  the  nonageaimal  idegkee,  assume  l  hour  after 


S60  ON  AM  ECLIPSE  OF  THE   SmC, 

or  S^.  l/i.  41',  S0%  at  which  time  (from  the  horary  motions  of  the  sun  and 
moon)  the  sun's  true  longitude  is  found  to  be  O".  18^  44'.  42^,  the  moon^s  true 
longitude  on  the  ecliptic  O*.  14^  12'.  2&'j  and  true  latitude  48'.  IS''  north  de- 
scending. The  moon's  parallax  in  latitude  is  — SO".  41";  hence,  the  moon's 
apparent  latitude  is  11'.  32" ;  also,  its  parallax  in  longitude  from  the  sun  is— 
28'.  sol' ;  but  the  moon's  true  longitude  exceeds  the  sun's  by  0®,  27^.  44*;  there- 
fore the  apparent  distance  of  the  moon  from  the  sun  in  longitude  is— !'•  6^ 
Hence, 

Moon's  apparent  dist.  in  long,  at  &.^i.30''zz  —20'.  56'' 
— — ^ 1.  41.S0=-1.    6 


FIG.                Apparent  hor.  mot.  c  from  0  in  long.    -       •        19.50= 
131.  

Hence,  19'.  50' :  20'.  56"::  1  hour  :  \h.  S\  20",  which  added  to  the  time  of 
the  true  conjunction  Oh.  41'.  SO",  gives  Ih.  44'.  50",  the  time  of  the  aj^parent 
conjunction.  Also,  the  apparent  horary  motion  in  latitude  is  17"=jRQ  ;  hence, 
QJS'  is  very  nearly  equal  to  MP. 

At  this  time  (from  the  horary  motions)  the  sun's  true  longitude  is  found  to 
be  0'.  IS"".  44'.  50",  the  moon's  O*.  14"".  14'.  7%  and  the  moon's  true  latitude  «l. 
4"}  hence,  the  moon's  true  longitude  is  greater  than  the  sun's  by  29',  17*.  Tic 
moon's  parallax  in  latitude  from  the  sun  is— SO'.  S2",andin  longitude — SS*.  15*; 
hence,  the  moon's  apparent  latitude  is  11'.  82"  north ;  also,  the  apparent  IcHigi- 
tude  from  the  sun  is  29'.  17"— 29'.  15" =2",  which  is  what  the  moon's  apparent 
longitude  exceeds  the  sun's  true  longitude. 

This  difference  idiows  the  apparent  conjunction,  found  above,  to  be  very 
nearly  true;  and  to  get  it  more  accurately,  say,  19'.  50" :  2^::  1  hour  :  6%  wfai<^ 
(as  the  moon's  apparent  longitude  is  the  greater)  subtracted  from  IK  4^\  SXf 
gives  Ih.  44'.  44",  the  true  time  of  the  apparent  conjunction,  at  which  time  Hie 
moon's  apparent  longitude  is  O'.  IS®.  44'.  5(fy  the  same  as  the  sun's  true  longi- 
tude, that  not  having  sensibly  varied  in  6"  of  time.  The  apparent  latitude  is  ^ 
1 1'.  S2",25.  Now  at  Ih.  41'.  SO*  the  moon's  apparent  distance  in  Icmgitude  from 
the  sun  has  been  shown  to  be  1'.  6" ;  and  at  \h.  44'.  44"  the  longitude  of  the  sun, 
and  the  moon's  apparent  longitude  are  equal  \  therefore  in  8'.  14"  the  apparent 
motion  of  the  moon  from  the  sun  was  1'.  6"=66";  let  this:=«Siii,  or  nr  ;  alao^  at 
lA.  41'.  SO",  the  apparent  latitude  nm=:  11'.  82",  and  at  \h.  44'.  44"  it  was  II'. 
S2",25 = SA ;  therefore  Ar = 0",25.     Hence, 


66" :  0",25::rad.  :  tan.  Anr^  or  SABsziaf.  T. 
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As  the  angle  Anr  is  so  very  small,  we  may  take  ^n=:^n= 66"  \intliout any  sen- 
sible  error ;  and  fbr  the  same  reason  SB  may  be  taken  zzSA::::!  l\  82". 

m 

Rad.  :  sin.  13'.  1"::  11'.  32'  :  ^5 =2 ',6. 

Hence, ^w  =  66"  :  AB  =  2\6::  3'.  14".  :  8"  the  time  through  BJj  which  taken 
from  lA.  44*:  44"  gives  l//.  44'.  36"  the  time  of  the  greatest  obscuration  at  B. 

The  moon's  horizontal  semidiameter  is  14',  56",  and  its  altitude  at  the  time 
of  the  greatest  obscuration  (determined  by  a  globe,  which  is  sufficiently  near 
for  this  purpose)  is  about  38°  ;  hence,  the  augmentation  of  tlie  diameter  is  9", 
consequently  the  apparent  semidiameter  of  the  moon  is  15'.  5",  which  added  to 
15'.  59"  the  sun's  semidiameter,  gives  31'^  4",  from  which  subtract  SB  =11'. 
32",  and  the  remainder  is  19'.  32"  the  parts  deficient;  hence,  15'.  59"  :  19'.  32" 
::6  digits  :  7rf.  19'.  57"  the  digits  ecHpsed  at  the  time  of  the  greatest  ob- 
scuration* 

To  find  the  time  of  the  banning,  we  must  first  get  the  time  (570)  nearly. 
The  value  of  iSJB=:ll'.  32" =692";  and  as  the  iq[>parent  semidiameter  of  the 
moon  is  now  15'.  6",  we  have  *ST=3l'.  5"=  1865";  hence,  -Br=  1732".  Now 
as  MP  is,  in  this  case,  nearly  equal  to  QN9  we  may,  for  the  purpose  we  here 
want  it,  assume  the  apparent  horary  motion  of  the  moon  from  the  sun  in  tbe 
apparent  orbit  equal  to  that  in  longitude,  which  is  19'.  50''izll9O" ;  hence,  [•  - 
1190" :  1732"::  1  hour  :  Ih.  27'.  20f,  which  subtracted  from  Ih.  44'.  36"  (the 
time  at  J3)  gives  O^  17'»  16"  the  time  of  the  beginning,  nearly.  Iiet  us  there- 
fore assome  the  beginning  at  Oh.  17',  at  which  time  we  find  (from  the  horary 
motions  of  the  sun  and  moon)  the  sun's  true  longitude  to  be  O*.  l3^  41'.  15^, 
and  the  moon's  O*.  13°.  29'.  55" ,  whose  difference  is  11'.  20"  their  true  distance 
in  longitude  ;  but  the  moon's  parallax  in  longitude  is— 17'-  45" ;  hence,  their 
apparent  distance  in  longitude  is  29'.  5"=  1745".  At  the  same  time  the  moon's 
true  latitude  is  46'.  7%  and  its  parallax  in  latitude  —  35'.  lO'' ;  hence,  tbe  ap]^j^ 
rent  latitude  of  the  moon  from  the  sun  is  10'.  57*;  therefore  i&Ai^=^l745*  +  657* 
=  1864"=  31'.  4",  which  being  less  than  31'.  5"  shows  that  the  ecKpse  is  begun. 

Let  us  next  assume  0*.  16';  and  ly^  proceeding  in  the  same  manner,  we  find 
Sn=  1883"  =  31'.  23" ;  therefore  the  eclipse  is  not  begun. 

Hence,  31'.  23"-  31'.  4"=:19"  :  31'.  5"-3l'.  4".  =  l"::  l  minute  :  3",  which 
subtracted  from  Ok.  17',  gives  Oh.  16'.  57*  fbr  the  beginning  of  the  eclipse. 

If  to  Ih.  44'.  36"  we  add  lA.  2Y.  20",  we  have  3^  11'.  56";  we  will  therefore 
assume  3h.  I2f.  for  the  end;  and  by  proceeding  as  before,  we  find  the  apparent 
distance  of  the  moon  from  the  sun  in  longitude  to  be  SO'.  37",  and  the  moon's 
apparent  latitude  10'.  48";  hence,  the  moon's^parent  distance  from  the  sun 

is  ^1837* +  648*  =  1948"=  32^.  28";   but  the  sum  of  fte  apparent  semidia« 
meters  of  the  ^n  and  moon  is  now  31'.  2" ;  consequently  tbe  eclipse  is  ended. 
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Ix    IS   n€xr  vmune  the  ±Tie  .3//.  6',  and  the  apparent  distance  of  the  moon 

-    -:c      in    n   Inmrtade  s  28.  28%  and  in  latitude  Itf,  55";  hence,   the 

-.  -    ^-T3Ja-nr    Uininu-    ±3111   ±e   ^un   is  ^ 1 708*  +  655*  =  1 829 '  =  Stf.  29 ', 

.-:.:.   .     -    >  -  V    i!.  =.    j>    :  ::.  2^-30'.  29'  =  33"::6'  :  l'.  39% which 
■f    .-   .  .:  :.  -  A  .^  i.    -fc-^i"i::rv  1:  Greenwich,  the  Tables  give  the  times  of 


jt^-.::::.-:^       .     -     -     -     O*.  Iff.  57' 


--•  -:--^    iiro-inrcc    -    !.   44.  36  >  apparent  time. 
:.:- i.      -.  39  ) 


.  -  :...-..:  :•-:  «7:i::rc::i»  rrr;  e^-Iirtse  :br  any  otlier  place,  instead  of  the 
i:::-.'.:^:  .  J.^=fi': vc!  is«  "iT";  iirraic  c*:  the  place;  and  reduce  the  apparent 
z^rx  .L  ,"-,^-:-!'^-o'  ?:  ::!e  iprarsc:  ;i3>e  a:  the  place,  according  to  the  difier- 

.="^\    *"  -  r:u  v^^r  "xiur  rr  :iiii  s::r'*  iirab  wiU  first  be  touched  by  the  moon, 

^  ^      '^    -  >:  ::•:  ^.^   •*.  :!»:  i^riacc  IS^Z'^^c  zenith,  ^*,  J/,  the  centers  of  the  sun 

.5^      jix:    TT'-xv  «:x-:  T^w  iinus?  jt?  :!T  oltt::**"^  i:  J,  and  draw  MD  perpendicular 

TV  5S      -^    *-""-    '-^^  ^S  >  a^  ^tiiuoc  cc  the  nonagesimal  degree,  and  SPZ 

■^  nt:  -a-.:"^  •i>ci;?v-  Tr/ui  :aac  p«:it,  x^ch  which  are  tbund  in  the  computation 

^   tifit:  ^^;.:u:ax.  A5tf   ^/I^  >  ::ie  wp^in^QC  britude  of  the  moon;  hence. 


Itiu.     .a:i.  rJ^rrijY.  SPZ  :  ran.  PSZ 
Tiif.  ^M     rad. : :  ::a:i.  Z>>  :  cos.  -D5J/ 

Jt  ^  M  Ac  \rtt<»iuuc  ^r  :n^  aoca^esimal  dcCTee,  tlicn  ZSD  =  90^  —  PSZ, 

^gm  *f  hwiX  *u«aM:itiiue  :s  S:r*'ccn  L  snd  L  t  ISC'*;  otherwise  ZSD:=^^'t 

*8tfi  ti*^  ^t^*-*  'l^^^  ^JCWi"ui^y^  ii>  the  moon's  visible  latitude  is  soxh  or 

^^^    t««a^  J>.'iA  uv  ii3«aitw  vh'J'-K*  ^khuc  of  the  limb  of  the  sun  first  touciieJ 

.  ^^^^'^MCiuii  HMi  iK  ii^KSC  piuuc  of  tile  sun's  disc. 


^A  \v\   *.  a:td  >P/  =  25\    IG';  hence,  PSZ^2-\  3', 
v^-J^"  ^^  5k>  A>\^^^      li:\  3=Z.yJ5;  also,  2)iJ/=2r\  42', 


j^X  iww«ttc  UiCirudc  t*  iK^itn;  suotractea  rrom  1 1 .  .  ^  gi>^> 

;   ^s      »v   thwNHtX  ^li<A-5vv  tlvm  the  zenith  of  the  sun  at  -Jic  begin- 

^t   •  V  ^  f\r''v^.  .  'x  .liNcarioo  at  the  middle  and  c;:r.  ::'-V 

'     "      ^      .,..     »ox'vV  :  V  .*i*K\;:vm  patli  of  the  moon  ovt:  -J.e  sun's 

X  :iii#  ;x' i*c:e%  the  moon's  true  latitude  ar.d  Iv  r^.t-^e 
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were  at  first  computed  from  the  Tables,  and  afterwarjls.  determined  from  the  ho- 
rary motions';  but  as  the  horary  motions  may  be,  sul^ect  to  a  small  variation  iu 
the  duration  of  an  eclipse,  in  cases  where  the  utmost  accuracy  is  required,  tlie 
true  latitude  and  longitude  should  be  computed  every  time  from  the  Tables ;  in 
such  cases,  the  decimals  of  the  seconds  should  also  be  taken  into  consideration, 
which  in  this  Example  were  omitted.  When  we  want  only  to  predict  an  eclipse, 
the  method  here  practised  will  always  be  sufficiently  accurate.  We  have  fol- 
lowed the  same  method  in  computing  the  occultation  of  a  fixed  star  by  the 
moon ;  that  computation  therefore  may,  if  necessary,  be  rendered  more  correct, 
in  the  same  manner. 


2(0  cofistruct  a  Solar  Eclipse j  by  tlie  Principles  of  Projection  delivered  in 

the  last  Chapter. 


FIG. 


ST 5*  According  to  this  projection  (541),  the  apparent  ellipse  described  by 
any  point  on  the  earth's  surface,  to  any  eye  at  the  center  of  tlie  sun,  is  projedt- 
ed  upon  a  plane  at  the  moon  perpendicular  to  a  line  joining  tlie  earth  and  sun ; 
and  the  point  of  the  ellipse  of  projection,  corresponding  to  any  point  of  the 
other  ellipse  where  the  spectator  is,  is  the  point  where  the  center  of  the  sun 
appears  to  tlie  spectator.     The  center  of  projection  is  in  the  ecliptic.     If  the 
lunar  orbit  be  properly  laid  down  and  divided,  showing  where  the  center  of  the 
moon  is  at  any  time,  we  shall  then  have  the  relative  situation  of  the  centers  of 
the  sun  and  moon  at  any  time  seen  from  the  given  place  of  the  spectator.  From 
these  principles  of  projection,  we  thus  construct  tlie  solar  eclipse  which  we  have 
here  calculated ;  assuming  such  elements  as  are  necessary,  from  that  calculation, 

576.  Take  (541)  a  radius  OE  equal  to  54'.  37",  the  difierence  of  the  sun's      13^ 
and  moon's  horizontal  parallaxes,  and  divide  it  into  minutes,  and  describe  the 
semicircle  EGC  representing  half  the  circle  of  projection,  EOC  representing 
the  ecliptic,  to  which  draw  OG  perpendicular.     Find  (536)  P  the  projected 
north  pole ;  from  the  scale  OE,  take  Or:=:54f\  37"  x  sin.  lat.  x  cos.  dec.  and  in 
a  line  perpendicular  to  Or  set  off  both  ways  r6  =  A  x  cos.  lat.  and  rm:=.m:i:h  x 
cos.  lat  X  sin.  dec.  and  describe  jJie  ellipse  m6n6^  and  divide  it  into  hours,  by 
Art  536 ;  and  then  subdivide  those  hours  which  you  will  want  to  make  use  ofy 
as  fer  as  you  conveniently  can  for  the  size  of  the  figure.     From  the  scale  take 
Ov  equal  44'.  59",  the  moon's  true  latitude  north  descending  at  the  time  of  the 
ecliptic  conjunction,  and  draw  LvM  making  an  angle  with  Ov  equal  to  84^ 
18',  the  complement  of  the  angle  which  the  relative  orbit  makes  with  the  eclip- 
tic, on  the  left  side,  if  the  latitude  be  nortli  or  south  decreasing^  and  on  the 
rights  if  increasing  ;  in  this  Example,  it  is  on  the  left  side ;  and  LvM  will  re- 
present the  moon's  relative  orbit    Mark  upon  the  moon's  orbit  at  the  point  v^ 
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41'.  90*,  that  being  the  time  after  12  o'clock  at  which  the  trae  ecliptic  con^ 
junction  happens ;  and  with  an  extent  =  27'.  52\  the  horary  motion  of  the 
moon  from  the  sun  in  its  relative  orbit,  set  off  the  hours  each  way  from  v^  and 
subdivide  them  into  minutes,  or  as  far  as  the  size  of  the  figure  will  permit.  Now 
to  find  the  time  of  the  middle  of  the  eclipse,  take  the  compass,  and  find,  by 
trial,  what  two  corresponding  times,  as  at  z  and  .r,  upon  tlie  ellipse  and  moon's 
orbit  are  nearest  together,  which  will  give  the  time  of  the  greatest  obscuration^ 
because  the  centers  of  the  sun  and  moon  are  then  at  the  least  distance.  To 
find  the  time  of  the  beginning,  take,  with  the  compass,  from  the  scale,  an  ex- 
tent equal  to  31'.  5",  the  sum  of  the  semidiameters  of  the  sun  and  moon,  and» 
by  trial,  find  two  corresponding  times,  as  at  s  and  t,  at  that  distance,  and  it 
gives  the  time  of  the  beginning  ;  and  if  you  find  two  corresponding  times,  as  at 
y  and  w,  at  the  distance  31'.  2",  the  sum  of  the  semidiameters  at  the  end,  it 
gives  the  time  of  the  end ;  or  you  may  omit  the  variation  of  the  diameter  of 
the  moon  in  the  interval.  For  the  beginning  must  be  when  the  centers  of  the 
sun  and  moon  arrive  at  the  distance  of  tlie  sum  of  their  semidiameters ;  and 
the  end  must  be  when  they  have  receded  till  they  have  got  to  that  distance. 
To  find  the  digits  eclipsed  at  the  greatest  obscuration,  take  eu  from  the  scale, 
and  say,  ze  :  eu::6  digits  :  the  digits  eclipsed.  To  find  the  digits  eclipsed  at 
any  other  time,  take,  with  the  compass,  the  interval  at  that  time  on  the  ellipse 
and  on  tlie  moon's  orbit,  and  apply  it  to  the  scale,  and  then  say,  ze  :  that  dis- 
tance ::  6  digits  :  the  digits  eclipsed.  If  by  taking  the  interval  of  two  corre- 
sponding times,  it  appears  that  it  is  always  greater  than  the  sum  of  the  semidi- 
ameters of  the  sun  and  moon,  it  shows  that  there  will  be  no  eclipse  at  that 
place. 

577.  From  this  construction,  the  position  of  the  moon  in  respect  to  the  ze- 
•nith  of  the  sun's  disc  may  be  found,  and  thence  the  apparent  path  of  tlie  moon 
over  the  sun  in  respect  to  the  horizon.  For  (540)  a  line  drawn  from  O  to 
any  point  of  the  ellipse,  where  the  spectator  is,  being  vertical,  from  the  prin- 
ciples of  the  projection,  the  angles  Oto,  Ojsj:*,  Oay,  show  the  angular  distance 
about  the  center  of  the  sun  from  its  vertex  to  the  center  of  the  moon  at  the 
FIG.  beginning,  middle  and  end  of  the  eclipse.  Hence,  let  C  be  the  center  of  the 
,  135.  sun  Zbddy  Z  its  zenith ;  and  make  the  angles  ZCP,  ZCQdj  ZCR  =  OtSy  Ozs^ 
Oui/  in  Fig.  134.  respectively;  take  CPj  CR  equal  to  the  sum  of  the  semidia- 
meters of  the  sun  and  moon,  rfCsnthe  digits  eclipsed,  and  SQ=iaPj  and  with 
the  centers  P,  Q,  R  and  radii  Pa=:Qs=,  Rb  equal  to  the  semidiameter  of  the 
moon  describe  three  circles,  and  they  will  represent  the  situation  of  the  mooB^ 
at  tlie  beginning,  middle  and  end  of  the  echpse  in  respect  to  the  vertex  Z  of 
the  sun,  and  consequently  in  respect  to  the  horizon ;  hence,  if  we  describe  a 
circle  through  ^  O^  JR,  and  with  the  same  radius  describe  rst  parallel  to  it, 
it  must  v  ^t  Uie  boundary  of  die  eclipse,  or  of  the  extreme 

part  of  t  '^s^ovef  i,  in  respect  to  the  horizon. 
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578.  The  eclipse  may  also  be  thus  calculated  from  the  prqection.    Assume    ^^ 
the  time  at  /  of  beginning,  as  determined  by  the  construction  ;  draw  te  perpen-     1*34, 
dicular  to  OP,  and  join  Ot,  Os.     The  time  from  tto  m  being  given,  convert  it 

into  degrees  a®  ;  then  (537)  sin.  a^  xrbzztc^  and  cos.  a^  x  rm=rCj  but  (535)  Or 
is  known,  hence,  Oc  is  known ;  therefore  in  the  right  angled  triangle  Oct^  we 
know  Oc,  c/,  to  find  cOt,  and  Ot;  but  (536)  POr  is  given,  therefore  cOt^-POv 

:=tOv  is  known  ;  also,  Ov  and  tlie  angle  Ovs  are  known  by  the  construction ; 
and  the  time  from  s  to  v  being  given,  and  also  the  moon's  relative  horary  mo- 
tion in  LMj  we  know  vs  ;  hence,  in  the  triangle  Ovs^  we  know  Or,  vs  and  the 
angle  Ovs^  to  find  O5,  and  die  angle  vOs  ;  hence  we  find  tOszztOv  +  vOs  ;  and 

lastly,  in  the  triangle  tOs^  we  know  /O,  Os  and  the  angle  tOs^  to  find  &,  and  if 
this  be  equal  to  the  sum  of  the  semidiameters  of  the  sun  and  moon,  tbe  as« 
sumed  time  is  true ;  if  it  be  not  equal  to  the  sum,  assume  another  time  for  the 
beginning,  and  find  another  value  of  tSj  and  proceed  with  these  two  as  in  Arti- 
cle 572.  In  like  manner  we  may  find  the  end.  But  this  method  is  not  (541) 
subject  to  the  same  accuracy  as  the  method  of  calculation  which  we  have  already 
given. 

579.  Sir  I.  Newton  supposes  that  the  aberration  of  rays  in  the  focus  of  a 
telescope  makes  the  image  appear  greater  than  it  ought;  and  hence  different 
telescopes  will  give  difierent  measures  of  the  sun's  diameter,  and  consequently 
make  tiie  eclipse  appear  to  begin  at  difierent  times.  That  telescope  which 
gives  the  diameter  the  least,  is  the  most  perfect  instrument.  The  excellent 
transit  telescope  at  Greenwich  makes  the  diameter  of  the  sun  less  by  6"  than 
that  given  by  Mayer  in  his  Tables,  as  Dr.  Maskelynb  has  found  by  his  obser- 
vations. Tlie  diameter  of  the  sun  assumed  in  these  calculations  has  therefore 
been  taken  6"  less  than  that  which  Mayer  determined.  M.  du  Sejour  sup- 
poses that  the  rays  of  light  coming  from  the  sun  are  inflected  as  they  pass  by  the 
moon,  which  he  attributes  to  the  refraction  which  they  suffer  in  passing  through 
the  moon's  atmosphere  ;  on  this  account  the  apparent  contact  of  the  limbs  will 
not  take  place  so  soon  as  it  otherwise  would ;  this  would  be  the  same  as  a  dimi- 
nution of  the  moon's  diameter ;  which  of  these  hypotheses  ought  to  be  admitted 
M.  du  Sejour  endeavoured  to  determine  from  the  observations  of  Mr.  Short, 
on  the  solar  ecHpse,  April  1,  1764,  upon  the  distance  of  the  horns  of  the  moon, 
but  he  could  deduce  nothing  satisfactory  from  thence.  He  supposed  the  inflec- 
tion 3",29l,  and  the  diameter  of  the  moon  to  be  diminished  by  the  same  quan- 
tity, and  calculated  upon  each  supposition  a  great  many  distances  of  the  horns, 
and  compared  them  with  the  observed  distances ;  but  he  could  not  decide  be- 
tween the  two  hypotheses.  An  inflection  of  1%8,  and  a  diminution  of  l",5  of 
the  semidiameter,  he  found  would  satisfy  some  observations,  and  he  seemed  to 
think  this  conclusion  mo3t  likely  to  be  nearest  the  truth*,  but  he  came  at  last  to 
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no  determination  upon  the  subject.  All  the  requisite  observations  seem  not  to 
be  capable  of  being  made  to  that  degree  of  accuracy  which  is  necessary  to  set- 
tle so  nice  a  matter.  M.  du  Sejour  therefore  proposed  the  following  method 
to  determine  whether  the  rays  of  light  passing  by  the  Umb  of  tlie  moon  suffer 
any  deviation.  Take  a  telescope  mounted  upon  a  polar  axis,  with  a  wire  micro* 
meter  annexed  to  it.  When  two  stars  come  into  the  field  of  view  together,  and 
One  of  them  is  to  be  eclipsed  by  the  moon,  open  the  wires  and  bring  one  star 
Upon  one  of  the  wires  and  the  other  star  upon  the  other,  and  thus  follow  the 
stars  until  one  of  them  be  eclipsed,  and  at  the  instant  before  it  disappears,  ob- 
serve whether  its  distance  from  the  other  star  is  changed,  that  is,  whether  it  be 
off  the  wire,  the  other  star  remaining  upon  its  wire  ;  if  this  be  found  to  be  the' 
case,  the  rays  must  have  suffered  a  deviation.  TraitS  Analytique,  pag.  420. 
I  do  not  find  that  an  observation  of  this  kind  has  been  ever  made. 


Mater's  Method  of  Computing  Solar  Eclipses,  taken  from  his  Opera  Inedita, 
'  *  VoL  I.     To  which  are  addedy  such  observations  as  were  judged  necessary  Jbr 
complaining  the  grounds  qfthe  Operations. 

*  •  ■  - 

580.  It  being  determined  that  there  will  be  an  eclipse,  assume  three  mo- 
ments of  time  at  equal  intervals,  as  nearly  as  you  can  conjecture,  for  the  b^n- 
ning,  middle  and  end  of  the  eclipse ;  to  which  times  compute  the  true  longitude 
of  the  suup  the  true)longitude  and  latitude  of  the  moon,  her  horizontal  semidi* 
ameter,  and  her  equatorial  parallax.      . 

At  the  assumed  times  for  the  beginning,  middle  and  end  o^  the  eclipse,  find 
the  moon's  altitude,  which  may  be  done  with  sufficient  accuracy  by  a  globe, 
and  thence  find  her  apparent  semidiameter  from  her  horizontal  semidiameter. 

Reduce  the  latitude  of  the  place  to  that  at  the  earth's  center;  also,  reduce 
the  equatorial  parallax  to  that  at  the  given  place,  by  Tab.  Art.  1 73. 

To  the  latitude  of  the  place  so  reduced,  at  the  three  assumed  times,  find  the 
nonagesimal  degree  of  the  ecliptic  and  its  altitude ;  hence,  the  distance  of  the 
moon  fix)m  it  is  known.  Then  compute  the  moon's  parallaxes  in  latitude  and 
longitude  at  the  said  three  times ;  thus  you  get  the  apparent  latitudes  and  lon- 
gitudes of  the  moon,  and  the  differences  of  the  apparent  longitudes  of  the  sun 
and  moon,  at  these  times;  also,  the  moon's  apparent  latitude. 

By  interpolation  find  the  differences  of  the  apparent  longitudes  for  every  5'  or 
icy  (in  our  computation  it  is  for  10) ;  corresponding  to  which,  put  the  sum  of 
the  apparent  semidiameters  of  the  sun  and  moon. 

By  comparing  the  apparent  latitude  and  differences  of  longitude  with  the 
sum  of  the  semidiameters  (c),  estimate  what  apparent  latitude  (a)  answers  near- 
\y  to  the  beginning  or  end  of  the  eclipse ;  and  this  may  be  easily  done,  though 
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the  precise  times  are  not  yet  known,  since  the  moon's  latitude  does  not  often 

vary  above  a  few  minutes  in  an  hour.  Then  compute  ^(f — a?*,  and  see  in  the 
Table  amongst  the  differences  of  longitude,  whether  it  has  a  latitude  answer- 
ing to  J*,  in  which  case,  it  will  be  the  true  differencfe  of  longitudes  at  the  b^iD- 
ning  or  end  of  the  eclipse.  But  if  there  be  any  difference  between  these  lati- 
tudes,  call  it  y,  and  say,  ^^c*— .r*  :  xv.a!  ik  fourth  term,  which  added  to 

y/c^ — X*  if  the  latitude  x  be  too  great,  or  subtracted  if  too  little,  gives  the 
correct  difference  of  longitudes  corresponding  to  the  beginning  or  end.  Cor- 
responding to  this  difference,  find  the  time  by  the  Table,  and  you  have  the 
times  of  the  beginning  or  end. 

To  find  the  time  of  the  greatest  obscuration,  and  the  digits  eclipsed,  assume 
the  latitude  at  that  time  to  be  x^  and  let  its  increment  or  decrement  in  s!  or 
10'  about  that  time  be  Xy  and  the  increment  or  decrement  of  the  difference  of 
the  longitudes  be  y\  and  lety  :  xy.x  :  ^  fourth  term  y,  which  will  be  the  dif- 
ference of  longitudes  at  the  time  of  th^  greatest  obscuration,  the  time  corre^ 
sponding  to  which  gives  the  time  of  the  greatest  obscuration ;  where  it  ought  to 
be  observed,  that  y  is  to  be  sought  for  amongst  the  differences  of  longitudes  be-^ 
fore  the  apparent  conjunction  if  the  latitude  be  -increasing j  and  after  if  cfe- 
creasing. 

From  the  time  of  the  greatest  obscuration,  find  from  tlie  Table  the  latitude  (/), 
and  v//*+y*  is  the  nearest  distance  of  the  centers  of  the  sun  and  moon,  w}iich 
taken  from  the  sum  of  their  semidiameters,  the  remainder  (reckoninig  the  sun's 
semidiameter  6  digits),  gives  the  digits  eclipsed. 


968 


QN   AN  BCLIPSE   OF  THE   SUN. 


EXAMPLE. 

To  calculate  an  Eclipse  of  the  Sun  whhh  happened  26  October j  17S3,  for  GotUngeUj  accor£Mg 

to  Mayev^s  Lunar  Tabies  inserted  in  Tom.  II.  Contm. 


Three  assumed  Times  (true  time) 

9h. 

20'.     0" 

10//. 

30'.    0" 

1  ih.  4x1.  a 

Sun's  true  longitude        .        .        - 

r.    s^ 

6.  19      7'. 

3°. 

9.   14      T. 

3°.  12.  9 

•Moon's  true  longitude 

7.       1. 

58.  36      7. 

2. 

39.  43      7. 

3.    20.49 

— —  latitude  north 

27.  49 

31.   37 

35.24 

Sun's  s^midiameter        .         «        • 

16.  10 

16.   10 

16.10 

Moon'a  equatorial  parallax 

59.     8 

59.     7,5 

59.  7 

^  hor.  semidiameter 

16.     7,5 

16.     7 

16.  7 

Altitude  of  the  moon 

*-..        » 

_^                            _ 

_ 

^— M                                      W- 

^^                   .^.^ 

Augm.  of  moon's  semid. 

3,5 

6 

8 

Moon's  app.  semid.  in  altitude 

16.   11 

16.  13 

16.15 

Sum  of  semids.  of  sun  and  mocm' 

32.  21 

• 

32.  23 

32.25 

Latitude  of  Gottingen 

51°.  32' 

51°.  32' 

51'.  SSf 

Reduction  for  ditto 

16 

16 

16 

Latitude  ireduced        -        - 

51.   16 

51.  16 

51.16 

Cor.  of eqaatorialparallax 

Moon's  bor.  parallax        ^        .       . 

10 

58'.  58" 

lO 

58'.  57",5 

10 
58'.  57" 

Moon's  dist.  from  merid.  eastward 

40°.    0' 

22°.  30* 

^.d 

Sun's  right  ascension       -         .        - 

210.  53 

210.   56 

210.  58 

Right  ascen.  of  mid-heaven 

170.  53 

188.  26 

205.58 

Obliquity  of  ecliptic  23^  29'    - 

Nonagesimal  degree        -        -        . 

4*. 

26.  57 

5\ 

9.  52 

5'.    23.56 

Alt.  of  non.  degree          ... 

47.  29 

41.   15 

34.27 

Moon's  true  dist.  from  nonag. 

65.     2 

52.  48 

39.25 

Sun's  hor.  parallax           ... 

0'.  1 1" 

0'.  11" 

Of.ll' 

Dif.  hor.  par.  ©  and  c       -         -        - 

58.  47 

58.  46,5 

58.46 

Moon's  par.  in  longitude 

39.  29 

31.     5 

21.16 

latitude 

39.  48 

44.    16 

48.  SS 

.-.appar.  loTig.  moon         -        .        - 

7'.     2' 

'.  38'.    5"       T 

.   3° 

.   10^.48"       7' 

.   3°.   4Sl.f 

Diffl  of  appar.  lo72g.  of  ©  and  d 

West 

28.  14  East 

1.  34  East 

29.56 

Appar.  lat.  of  the  moon  south 

11.  59 

« 

12.  39 

18.  8 

Hence,  by  the  Rules  for  interpolation,  the  following  Table  is  computed,  in  which  those 
times  are  passed  over  that  are  of  no  use. 
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SG» 


1 

Time 

■ 

App.  dif. 

long. 

App. 

lat.  S 

Sun's 

semid. 

*     , 

If 

/ 

II 

1 

• 

1 

// 

9.   10. 

0 

-  32. 

3Q 

11. 

52 

32. 

21 

9.  20. 

0 

-  28. 

14 

11. 

59 

32. 

21 

9.  30. 

0 

-  23. 

54 

12. 

5,3 

32. 

21 

10.  20. 

0 

-     2. 

36 

12. 

34 

32. 

23 

10.  30. 

0 

+     1. 

34 

12. 

39 

32. 

23 

10.  40. 

0 

+     5. 

42 

12. 

44 

32. 

23 

11.  30. 

o 

+  25. 

58 

13» 

4,5 

32. 

25 

11.  40. 

o 

+  29. 

56 

13. 

8 

32. 

25 

11.  50. 

0 

+  S3. 

52 

13. 

11 

32. 

25 

Suppose  the  latitude  (x)*  at  the  beginmng  to  be  12',  c=S2'.  21",  then 
^c* — .I'*  =  30'.  2",5  the  difference  of  longitudes,  which  difference  of  longitudes 
cloes  not  answer  to  the  assumed  latitude  12'.  Now  the  decrease  of  the  appa- 
rent difference  of  longitudes  in  10'  is  32'.  36" -28'.  14' =  4'.  22",  and  the  dif- 
ference between  the  apparent  longitude  32'.  36"  and  30'.  2",5  is  2'.  34"  (omitting 
the  0",5  as  of  no  consequence)  ;  also,  the  increase  of  the  apparent  latitude  in 
10'  is  7";  hence,  4'.  22'  :  2'.  34"::  7'  :  4",  which  added  to  11'.  52"  gives  11'. 
56" ;  we  may  therefore  consider  this  as  the  apparent  latitude  at  tlie  beginnings 
of  the  eclipse  ;  and  to  find  the  corresponding  apparent  difference  pf  longitudes, 
let  AC  (fig.  34)  represent  the  ecliptic,  A  the  sun,  with  the  center  A  and  radius 
^C=32'.  21"  describe  the  circle  O/,  let  nw  (perpendicular  to>4C)=  12',  take  nr 
=  4",  draw  rm  perpendicular  to  ww,and»it;  to-4C,  then  mvzz  11".  56",  wv  is  the 
corresponding  decrease  of  the  difference  of  the  apparent  longitudes  ;  to  find 
which,  as  the  triangles  Anu^  rwir  are  similar  (m7i  being  very  small),  Aw  (30'. 
2",5)  :  7iw  (12) ::  7ir  (4")  :  rw=z  r,5,  which  added  to  30".  2'\5  gives  30".  4"  the 
difference  Av  of  the  apparent  longitudes  at  the  beginning  of  the  eclipse.  And 
to  find  the  corresponding  time,  as  the  variation  of  the  difference  of  th«  longi- 
tudes vary  as  the  time,  4'.  22"  :  2'.  32'  (32".  36"- 30'.  4")::  10'  :  5".  48",  which 
added  to  9//.  10'  gives  9//.  15'.  48"  the  time  of  the  beginning  of  the  ecUpse. 

*  The  ecliptic  conjunction  happens  between  the  two  apparent  differences  of  longitudes  when  the 
sign  changes  from  —  to+,  the  sign  — showing  the  apparent  difference  of  longitudes  of  tlie  moon  t^ 
be  west  of  the  sun,  and -f  to  the  eatt. 
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The  end  of  the  eclipse  being  found  on  the  same  principle,  it  will  be 
sary  to  put  down  only  the  operation.     Assume  the  latitude  Qt)  at  the  end  to  be 

1 3,  c = 3i2'.  25%  then  ^c*— Jt^*=-29!.  42",  which  iiifference  of  loaigitudes  does 
not  answer  to  tlie  assumed  latitude.  Now  29'.  56'  — 25'.  58"  =  3'.  58",  and  23\ 
56"  — 29'.  42' =  14",  and  the  increase  of  apparent  latitude  in  itf  is  SV^;  hence, 
5'.  58"  :  14"::  3",5  :  0',  which  shews  that  there  is  nothing  to  be  sufbtracted  from 
13'.  8"  which  may  therefore  be  considered  as  tlie  apparent  latitude  at  the  end 
of  tlie  eclipse,  and  this  differs  8"  from  the  assumed  apparent  latitude-;  hence, 
29'.  42"  :  13'::  8"  :  3",5,  which  taken  from  25'.  42",  leaves  29'.  38",5  for  the  dit 
ierence  of  longitudes  at  tlie  end  ;  and  to  find  the  corresponding  time,  say,  3'. 
^8"  :  17V  (29'.  56"-  29'.  38",5) : :  10'  :  47",  whidi  subtracted frmn  1  lA.  40'  leaves 
1 1//.  39'.  13"  the  end  of  the  eclipse. 

The  time  of  the  greatest  obscuration  happens  not  far  from  the  time  when  the 
•difference  of  the  apparent  longitudes  is  equal  to  nothing,  and  consequently 
between  lOA.  20'  and  lOft.  30' ;  and  to  find  the  apparent  latitude  Tiearly  whcH 
4his  happens,  we  have  4'.  10"  (2'.  36"  +  l'.  34"  the  whole  change  of  ap.  difl  long.) 
•  2'.  36"  (the  change  of  ap.  dif.  long,  from  9h.  10'  till  the  dif.  =  0)::5"  (the 
change  of  ap.  lat.  in  10')  :  3"  the  change  of  ap.  lat.  from  9//.  10'  till  the  ap.  xli£ 
loGg.zrO^  hence,  at  that  time  the  lat.  =  12'.  37^1 


'Let  ABCD  represent  the  sun,  ,S'its  center,  JB.y7>  the  ecliptic  y/a^S'CVpc^|>cn- 
dicular  to  i?i'Z),  uM  a  portion  of  tlie  moon's  apparent  path  ;  take  ir  =  1 2'.  37", 
ilraw  Sm  perpendicular  to  a; A/,  and  vm  to  AS.  Now  in  10'  the  change  of  lati- 
tude is  5";  leta'fl=5',  and  draw^ri  parallel  to  *VZ),  then  ab  the  corresponding 
variation  of  the  dif.  of  ap.  longitudes  =  4'.  10",  and  the  triangles  ba'vCj  Svm  being 
similar,  (fli)  4'.  10"  :  aw  (5")::  5V;  (12'.  37")  :  ww=15'  the  apparent  difference 
bflongitud6s  at  the  time  of  the  greatest  obscuration,  tliat  is,it  is  2'.  21"  less  tlian 
at  lOA.  20' ;  hence,  4'.  10"  :  2'.  21"::  10'  :  5*.  38"," which  therefore  added  to  lOA- 
20'jgiYes  \0k.  25^.  38"  the  time  of  the  greatest  obscuration. 

X-t  "      \A  ims=15^9  5»l=v^l2'.  37"  *  +  15"*=12'.  37 V# 

-^  mSmJLiL  45!^  the,greatc$t  quantity  of 
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tTie  eclipse;  hence,  16'.  10"  (the  sun's  aemid.)  :  19'.  45^5:: 6  digits  ;  7  dig;. 
20'  tlie  digits  eeiipspd.      -  / 

Tiie  calculations  may  be  made  by  proportional  logarithms  and  logarithmic 

sines  thus:  ..  / 


At  the  beginning  v^c*-^  =3^32'.  21''^-  I2'*=v/52'.  21"  -f  12'  x  32'.  2^-12'* 

By  prop.  log.    •►    44'.  21''    -    p.  I.  ,6084 

20.  21      .    p.  I.  ,9467 


2)1,5551 


32'.  2"^  p.  I.  ^11155 


At  the  time  of  the  greatest  obscuration,  we  have  v/12'.  37"*  +  15"*,  which  is  ' 
thus  computed : 

12'.  37" p^l   1,1543 

15 '         p.  I.  2,8573 


Dif.  log.  +  lO.zzlog.  tan.  88^  52'       -  -  1 1,7030 


Log.   COS.  88^  52'.  O"  .  -  .        .  8,2962 

15  .         .         .         .         ^. /:  2,8575 


12.37,5  -  -  ^         p.l  1,1535 


Thus  all  other  like  computations  are  made. 

AVherc  there  are  proportions,  the  computations  are  also  made  by  prop,  logs* 
by  the  known  rules.    See  my  Treatise  on  Plajw  and  Spherical  Trigonometry. 

In  making  the  above  calculations,  you  have  in  the  Nautical  Ahnanac,  the 
sun's  and  moon's  longitudes  and  tlie  moon's  latitude  for  every  noofe  and  mid* 
nighl  at  Greenwich,  and  hence  from  four  of  them  nearest  the  times  ojf  the  phases 
of  tlie  eclipse,  you  may  find  the  longitudes  and  latitudes  for  the  assumed  times* 
Tlien  compute  the  parallaxes  in  longitude  and  latitude,  and  you  get  the  appa^ 
rent  longitudes  and  latitude.  With  the  moon's  altitude  (which  being  very 
nearly  tlie  same  with  the  sun's,  you  may,  if  you  do  not  use  a  globe,  find  by 

.  -   -     ^ 
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computing  tlic  altitudeof  the  latter)  take  out  the  augmentation  of  the  moon^» 
semidiaiiK-tL'i-  from  tlie  XLIV  of  the  Lunar  Tables,  Vol.  III.  which  added  to 
tlic  Slim  of  the  horizontal  scmidiamctcrs  of  tlie  sun  and  moon,  will  give  the 
Mim  of  the  u])parcnt  semi  diameters.  In  your  tirst  researches  it  will  be  best  to-- 
foniputc  ibr  the  noon  of  the  day  wlicn  the  eclii>se  is  expected  to  Iiappen,  as 
v«u  will  thence  be  enabled  to  guess  more  nearly  tlic  times  of  tlie  phases,  re- 
marking that  parallax  always  carries  the  moon  furtlier  from  the  uonagesimal 
ilegrce,  that  is,  west,  if  the  moon  be  to  the  west  of  tliat  point,  and  east,  if  to 
the  cast.  For  Greenwich,  the  latitude  reduced  to  the  earth's  center,  is  51^ 
14'.  7".  Ilie  nearest  approach  of  the  centers  precedes  the  ecliptic  conjunction, 
if  the  hititude  be  increasing,  bvLtfolloxvs,  it' decreasing.  When  regard  is  had  to 
the  sun's  parallax  in  computing  the  parallax  in  longitude  and  latitude,  the 
moon's  horizontal  parallax  must  be  diminislied  by  9". 


To  trace  out  tlie  Path  on  tlie  Surface  of  the  Earlh,  -aherc  the  EcUpse  mU  hecen^ 
tral,  or  for  am/  number  of  digits. 


FIG,  581.  Let  EACD  be  the  enlightened  hemisphere  of  the  earth,  O  the  center 
136.  of  the  jjsc^  01-  tliat  point  to  wbich  the  sun  is  vertical ;  EOC  the  plane  of  the 
ecliptic,  OG  perpendicular  to  it^  P  the  north  pole ;  join  PO^  aud  let  LM  re- 
present the  path  of  the  center  of  the  penumbra,  conceived  to  be  upon  the  plane 
into  which  the  disc  woiikl  he  orthographical ly  projected;  iJien  from  the  nature 
of  that  projection,  the  angles  at  O  upon  the  surface  will  be  c^al  to  the  angles 
into  which  they  are  projected.  Now  the  place  upon  which  the  center  of  the. 
moon  is  projected  is  manifestly  tliat  point  on  the  earth  where  the  eclipse  is  cen- 
tral, hccaiise  the  prelection  is  made  by  lines  drawn  to  the  center  of  the  sun. 
Let  Z  be  the  projected  center  of  tlie  moon  at  any  time,  or  the  real  center  of 
the  penumbra,  and  PB  aity  given  meridian.  Now  we  know  Ov  tlie  moon's 
latitude  at  the  time  of  conjunction,  and  (576)  the  angle  OvZ;  and  as  tlie  time, 
•when  the  center  of  the  penumbra  is  at  Z,  is  given,  tlie  time  through  Zv.w 
known,  and  the  relative  horary  motion  of  the  moon  being  known,  vZ  will  be 
knownj  hence,  we  can  find  ZO,  and  the  angle  ZOv^  find  {53&)  the  angle  POOf 
and  we  shall  have  the  angle  POZ.  Now  consider  PO  and  ZO  as  two  circlci 
upon  the  e:irtli's  sarfacc,  then  the  ajiglc  POZ  between  tliem  is  equal  to  tlie 
angle  POZ  of  projection,  and  tlierefore  known ;  also,  tiie  arc  PO  is  the  com- 
plement^ ■«'  *Wtttfi  declination  j  and  to  find  tlie  arc  ZO,  we  must  consider 
ZO  in  tf  ^^^^Ketiie  sine  of  tlie  arc  projected;    hence,  the  arc  ZO  is 

that  w|^  ^^^B^^-S^-  ^  ^^^  therefore  we  know  the  sine  of  the  arc 

hence,  iii  the  splierical  triangle  OPZ, 
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ive  know  POy  OZand  the  angle  POZ,  to  find  PZ  the  complement  of  the  lati* 
tiule  of  the  place  where  the  eclipse  is  central.  Find  also  the  angle,  OPZ ; 
then  the  time  at  the  meridian  PB  being  known,  the  angle  OPB  (the  sun's 
distance  from  the  meridian)  is  known  ;  hence  we  know  the  angle  BPZ  the  lon- 
gitude of  the  point  Z  from  the  meridian  PB;  therefore  the  latitude  and  longi- 
tudc  of  Z  being  known,  the  point  Z  is  determined  where  the  eclipse  was  cen- 
tral at  the  given  time.  Make  this  calculation  for  every  quarter  or  Iialf  hour, 
lor  all  the  time  the  penumbra  is  describing  de^  and  you  will  trace  out  upon  the 
surface  of  the  eartli  the  path  of  the  center  of  tlie  penumbra,  or  that  tract  where 
the  eclipse  is  central.  If  we  bring  Z  to  rf,  we  get  the  place  where  the  sun  rises 
centrally  eclipsed ;  and  if  Z  be  brought  to  ^,  w^e  shall  find  where  the  sun  sets  cen^ 
trally  eclipsed.  If  Z  coincide  with  r,  we  get  the  place  where  the  sun  is  cen^. 
trally  eclipsed  upon  the  meridian.  Lety  be  tlie  center  of  the  penumbra  whea 
it  first  touches  the  earth,  and  a:  the  center  when  it  leaves  the  earth,  and  draw 
Ore  perpendicular  to  LM.  Tlien  knowing  Ov  and  the  angle  Otw,  we  can  find 
Oo?  and  vChi-;  also,  0^  =  semid.© +semid.  penumb.  isknown^  hence,  in  the 
right  angled  tiiangle yOtr,  we  get  the  angle  yOrr,  and  therefore  we  kuow^Ov; 
^nd  PCfe;  being  already  found,  we  know  bOP;  hence,  in  the  triangle  bOPj  we 
inow  Z^  (  =  90^),  POj  and  tlie  angle  POb;  hence  we  find  Pb  the  complement 
:of  the  latitude  of  b^-  find  also  OPbj  and  we  get  J^PB  the  longitude  of  b,  from  the 
given  meridian  PB;  thus  we  get  the  place  b  where  the  eclipse  first  begins  at 
the  sun  rising.  In  like  maimer,  we  ^et  the  place  a  where  the  eclipse  last  ends 
at  sun  setting. 

Ex.  In  the  first  solar  eclipse  whidi  weliave  liere  computed,  let  it  be  required 
to  find  that  place  upon  the  earth's  surface  where  tlie  sun  is  centrally  eclipsed  at 
one  oVlock,  api>arent  time  at  Greenwich.  In  this  case.  Or— 44^  59",  and  the 
angle  OvZ-ziS"^.  42',  and  as  the  time  at  v  is  41'.  30",  and  the  center  of  the  pen- 
umbra is  at  Z  at  one  o'clock,  tlie  time  through  vZ-=,  19'..  SO*,  which  gives  v^ 
=  9'.  s";  hence,  Z()-S5',  59",  the  angle  OZv  =  S\^.  22',  and  Z0r=13°.  5G'. 
Now  the  radius  0G=:5^.  56";  hence,  the  arc  OZ \\pon  the  surface  (correspond- 
ing to  its  projections 35'.  59")=41°.  4';  also^  POr=84^  30',  and  (536)  POv 
=  23"*.  22:;  heuce,  POZ-d"".  26'^  consequently  PZ=:45^  43',  the  complement 
of  which  is  44^  17'  the  latitude  of  the  places  also  ZPOziS"^.  51';  but  at  one 
o'clock  appai-ent  time  at  Greenwich,  its  meridian  BP  makes  an  angle  of  15*^ 
with  PO,  Greenwich  being  upon  that  meridian  ^t  12  o'clock ;  hence,  BPZzz 
523*.  51' the  longitude  of  the  place,  west  from  Gjeemvich.  In  like  manner  may 
.any  of  the  otl^r  pha^n^mena  be  calculated. 

582.  Draw  O  TV  perpendicular  to  LM^  .and  take  vc:=.ve  equal  to  the  sum  of     ^^o.  . 
ibe  semidiametcffs  of  the  aim  and  moon,  and  draw  dcfl  aieu  narallel  to  T.Mz  then      ^^7. 
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df  and  jry  will  mark  out  tlie  boundaries  of  the  eclipse,  or  the  place?  where  tfct 
limbs  of  the  sun  and  moon  just  appear  in  contactr  So  that  if  we  take  the  mooQ 
at  any  place  Z,  and  draw  Zr  perpendicular  to  df^  and  compute  the  latitude  and 
longitude  of  the  point  r  in  the  same  manner  as  we  did  that  of  Z  in  the  last 
Article,  it  will  give  the  place  where  tlie  limbs  of  tlie  sun  and  moon  appear  in 
contact  outwardly.  If  we  take  Zr  on  the  other  side  of  LM^  we  shaH,  on  that 
side,  get  the  place  where  they  appear  in  contact.  If  we  do  this  for  every  quar« 
tor  or  half  hour,  we  shall  trace  the  path  over  the  surface  of  the  earth  where  the 
limbs  of  the  sim  and  moon  appear  in  contact,  or  the  boundaries  of  the  eelipse^ 
thus  we  can  lay  down  upon  the  eaith's  sur&ce  that  tract  over  which  tlie  penum- 
bra passes.  If  cv  be  divided  into  twelve  equal  parts,  and  ck  be  taken  equal  ta 
three  of  thcm^  for  instance,  and  tks  be  drawn  parallel  to  LMj  and  the  place  of 
/•'  be  computed^  it  gives  the  place  where  the  sun  will  be  three  digits  eclipsed; 
and  in  like  manner  as  before  may  the  tract  on  the  earth's  siu-face  be  marked 
out  where  the  sun  will  appear  three  digits  eclipsed ;  in  the  same  manner,  we 
may  trace  out  the  path  for  any  number  of  digits.  If  ranri,  and  abhQ  the  di£kr-i 
encc  between  the  apparent  diameters  of  the  sun  and  moon,  and  ^waZj  gbh  be 
drawn  parallel  to  LAI;  tlien  if  the  diameter  of  the  moon  be  greater  than  that 
of  the  sun,  the  sjxice  between  *usz  and  gh  is  the  limit  for  the  total  eclipse ;-  but  if 
the  diameter  of  the  sun  be  tlK3  gieater,  it  will  be  tlie  Umit  of  the  annuW  eclipse. 
This  method  of  delineating  the  hnes  of  the  pliases  upon  the  eartl>*s  surface  sup- 
poses that  the  apparent  nearest  distance  of  the  centers  oi  tl>e  sun  and  mooBy 
or  of  the  corresponding  horns  upon  the  relative  orbit  of  the  moon  and  upon 
the  ellipse,  is  in  a  line  perpendicular  to  the  moon's  relative  orbit ;  but  this  is 
not  accurately  true,  and  therefore  the  delineation  cannot  be  accurate^  This 
line  will  have  different  positions  at  different  places-  iox  the  same  phase.  M..  du 
Sejour  proposes  therefore  to  take  the  mean  angle.  He  found  an  error  of  8^ 
S3',5  in  longitude,  and  of  35'-  49"  in  time  of  the  contact,  for  the  latitude  of  16*^. 
57',  by  supposing  it  to  happen  upon  a  perpendicular  to  the  relative  orbit. 

583.  M.  de  la  Lande  Ikis  given  the  following  graphical  method.  Draw  LM 
on  a  separate  piece  of  paper,  and  divide  it,  so  that  by  moving  it  you  may  bring 
any  hour  to  v.  Then  if,  for  instance,  tlie  orbit  be  moved  to  the  right  till  the 
time  of  fliUing  on  r  be  one  hour  later  than  that  for  which  the  construction  was 
first  made,  it  is  in  a  proper  position  for  a  place  15°  to  the  east  of  that  place^ 
Let  pq  be  any  parallel  of  latitude,  and  di\ide  it  into  hours,  &c.  tlien  move  the 
orbit  LM  until,  with  an  extent  of  compass  equal  to  the  sum  of  the  semidia- 
meters  of  the  sun  and  moon^you  can  make  the  points  fall  on  the  same  hour  both 
on  pq  and  LM^  and  at  the  same  time  that  it  shall  be  the  shortest  distance  be- 
tween any  two  corresponding  hours  on  pq  and  LM;  then  the  difference  of  the 
hours  shown  at  r  in  consequence  of  the  removing  of  the  orbit,  sliows  the  lon- 
gitude of  the  place  from  that  for  which  the  projection  was  made,  and  the  pa- 
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Tallol  pq  sUows  the  latitude ;  therefore  the  place  on  the  cartli's  surface  is  deter- 
mined where  tlie  limbs  just  come  into  contact,  and  also  the  time.  This  \ve 
may  repeat  for  as  many  parallels  of  latitude  iis  we  please,  and  thus  trace  out  tlie 
curve  on  the  surface  ©f  the  earth  where  the  limbs  just  come  into  contact.  In 
like  manner,  if  we  take  an  extent  of  compass  iV  of  the  sun*s  diameter  less,  we 
may  trace  out  the  path  where  the  sun  i«  one  digit  eclipsed  j  and  so  for  any 
other  phajie. 

^84.  But  the  general  jJiaMiomcna  may  i>e  mjjich  more  -easily,  and  witfi  suffi- 
deut  accuracy,  determined  by  a  common  globe  thus.  Bring  tlie  sun's  place  S  ho. 
to  the  brazen  meridian  PV^  set  theJiour  index  to  12,  and  bring  the  sun  to  the  138. 
zenith ;  and  from  tliat  point  on  the  globe,  extend  a  thread  SW  perpendicular 
to  the  ecliptic  EC.  Upon  a  small  straight  rod  LM  let  there  be  a  moveable 
circle  adbm^  whose  center  r  is  in  the  middle  of  the  rod,  and  let  its  radius  be  to 
tlie  radius  of  the  globe  as  the  semidiameter  of  the  penumbra  is  to  the  horizon* 
tal  parallax  of  the  moon.  Let  tliere  be  two  ^moveable  Aipright  piieces  attached 
to  the  lioiizon  of  tl^  globe,  and  <!apable  of  being  fixed  at^any  two  points;  at  a 
distance  Sv  equal  to  the  moon's  latitude  at  the  time  of  tlie  ecliptic  conjunction, 
let  the  rod  LM  cut  tlie  tluread  in  a  plane  touching  the  globe  at  *S',  and  making^ 
an  angle  A/r*y  equal  to  the  angle  which  the  relative  orbit  makes  with  a  perpen- 
dicular to  the  ecliptic,  as.befone  directed;  and  in  this  situation  let  the  rod  be 
fixed  to  Jtlie  above  mentioned  pieces  attached  to  the  horizon ;  let  also  LM  be 
divided  (as  in  Art  576-)  into  time,  the  time  at  the  point  v  being  that  of  the 
ecliptic  conjunction  ;  and  let  .tlie  horizon  of  the  globe  be  fix-ed  exactly  parallel 
to  the  horizon ;  and  upon  a  fine  thread  ab  suspend  a  small  conical  weight,  witb 
an  acute  vertex ;  every  Aing  being  thus  prepared,  we  proceed  thus  \  £rst  pre- 
mising, that  the  circle  ^'-ETC  (coinciding  with  the  horizon  of  the  globe)  con- 
tains all  the  places  where  the  sun  is  in  the  horizon,  the  western  hemisphere 
containing  tlK)se  «wh.ere  the  sun  is  rising,  and  the  .eastern  where  the  sun  is 
setting. 

Carry  the  center  oof  the  penumbra  to  r  where  you  find,  by  suspending  the 
thread  from  its  periphery,  that  its  projection  would  just  touch  the  earth  at  t;  then 
turn  the  globe  till  the  index  shows  the  same  hour  as  tlie  point  r,  and  the  point 
t  at  that, time  is  the  place  first  toivched  by  the  penumbra,  and  .the  ecHpse  there 
begins  at  sun  rise.  Carry  the  center  of  the  penumbra  to  5,  a  quarter  of  an 
hour  forw^ards  for  instance,  and  set  the  globe  again  to  that  time.;  and  with  the 
thread  find  the  points  ^,  rr,  where  the  projection  of  the  circumference  of  the 
penumbra  would  intersect  the  circle  TCFEj  and  x,  zr,  are  two  otlier  points  • 
vrhere  the  eclipse  begins  at  sun  rise.  By  proceeding  thus  through  the  w^esten> 
part,  we  may  find  as  many  points  as  we  please  where  the  eclipse  begins  at  sun 
rise,  and  by  drawing  a  curve  through  them,  we  get  the  tract  on  tlie  earth's  sur- 
face where  the  eclipse  begins  at  the  rising  of  the  sun.    But  when  j:  comes  into 
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the  eastern  part,  we  get  the  places  whefrc  the  eclipse  begins  at  sun  set ;  corftie-* 
qiiently  the  curve  passing  through  'them  is  a  continiiation  of  the  curve  which" 
I)asses  through  all  the  places  ^(rherfr  thfe"  ecHjJse  begins  at  snn  rising,  provided 
the  whole  of  the  pcimmbfa  doe9tio*'l&n'i!)ipoi^t%reart]i  at  the  middle  of  the* 
eclipse ;  tliat  is,  if©  be  the  middfevof  «hl^gew&raJ'*fcIipsc,  and  OT  be  petperi- 
dicular  to  LM  in  tlio'projection',  wh#rf  OTi^  leirftlian  the  radius  fJt  J  of  the 
pemimbra.  If  02'=i  JJ,.itte  ctiiVft  tdurfi;  anA-  if*  02'  be  greater  tliari  JR,  Ihey 
arf  separated ;  because  tiie  peit\;itlibv^th)Hi''p;K«sc^'ovdr  a  parf  of  the  earth  aHec 
it  leaves  the  western  side  before  it  ccfeS^SWth^^astrtn,  and  therefore  in  that 
interval  tlie  sun  is  not  eclipsed  to'^hJ^^^^'oTltH^  tiWiiimferenc    TEFC. 

Draw  bra  pei-pcndicalar  to  XA/,  tthiT  tft^parliHcl  tb'it;  and  when  w  comes  to* 
€,  the  intersection  manitSistly  b^giift^'^o  ^'TBack,  And  the  part  adb  will  then  cut 
IWy  and  therefore  ihe'iwtd'tefctidfttJHi'ffl^hd^^  the  points  in  the  horizon  where 
the  eclipse  Giujs  ^t  sw*  sitjifbr  the  vdoi^ity  of  the  pemimbra  being  greater  tlian 
that  oft)io  earth  •abontit^  axift^,  tlief)eiinmbra  inust  leave  the  point  which  it 
then  toudiGs^  /And  for  thife' reAs6ri  *the  ^clijxse  begins  where  bla  cuts  TCK 
Heijcfv  AS  cAs  i point wherflr the  eclipse  ceases  tobegib at  sun  rise  and  begins 
to  end  at  sun  set,  tlie  curve  showing  the  places  when  the  ecK'ffSe' begins  at  sun 
rising  is  xtmthmed'^lnto^'  the  cury^  whSeh-  shows  the  places  Wliete  the  eclipse 
epds  at  sun  idsiagr  >  aMl  ^  .r  an<l  iv  me^  again  on  the  eastern  side  of  the  earthy 
the  curvet  there  M^t  again.  Whert  therefore-  (Wts  Icfes  tlkrf  /?,  we  have  a 
tiG.  curve  in  the.  form  of  Figr  139.  The  velocity  of  the  parts  of  the  earth,  from  its 
139.     rotation,  being  gre^Eitest  tdw*ards  the  eq«atoi','the  b\^aJ^  will  bi^niore  open  to- 

wards  jf  and  B  than  towards  C. 
¥iG.         IfOTzzRj  tlie  two  ovals  touch'  as  in  Kg.  140;  biit  that  nearcfst  the  pole  is 
1^-    double;  :  '    ^  I  .      .     .  .. 

no.         If  OT  be  grxiatcr 
^^1*     if  the  perpendicnlat 

nearest  the  pole 

formed  by.tiie  projection  of  ^/  and  ft,  will  shcAv  where  tne  limbs  of  the  sun  and" 

•  -.it  ».  .        -    •*'^"    r-  'i-'        \* 


moon  Were  in  contacts 


tio. 
138. 


i  circqtin 

stances^  whielv  v/erc  given  by  M.  de  Lambre,  appear  tfoth'thc'aboVe  method  of 
dehncaliC)!!.  .      . 

The  projection  of  ba  will  give  the  middFc  of  the  eclipse.     Tli6  wel&t^ti'part_ 
of  7CT  whithis  cvrt  by  ba  in  the  projection,  is  the  point  where  thie  eclibse  is  m 
the  middle  at  siui  rise }  and  where  the  eastern  part  of  the  horizon  is  Cirt*l)y  it, 
it  shows  the  point  where  the  middle  of  the  eclipse  is  at  sun  set.'  "When  a  comes' 
to  c,  the  globe  being  adjusted  to  that  time,  c  is  a  point  of  the  former 'kin^,  but 
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here  the  eclipse  is  only  for  a  moment,  or  rather  there  is  no  eclipse,  the  moon's 
limb  only  touching  that  of  the  sun.  As  the  umbra  advances,  ab  will  cut  TCV 
at  some  other  point,  as.  w;  to  the  time  denoted  by  the  center  r,  adjust  the 
globe,  and  w  is  the  place  upon  the  earth  where  the  middle  of  the  eclipse  is  at 
Bun  rising*  And  thus  we  may  find  any  number  of  such  places,  and  draw  a 
curve,  as  BDA^  passing  through  all  the  places  where  tlie  middle  of  the  eclipse  fig» 
is  at  the  rising  of  the  sun.  As  the  line,  in  this  case,  must  be  suspended  from  1^9. 
ba^  it  will  be  more  convenient  to  have  the  penumbra  divided  into  two  parts 
through  aby  so  tliat  they  may  be  separated.  ^ 

To  trace  out  the  center  of  the  penumbra  over  the  earth,  bring,  by  the  line,  Flo. 
tlie  center  to  coincide  in  the  projection  with  TCV  at  e,  and  adjust  the  globe  to  ^^^^ 
that  time,  and  e  will  be  the  place  where  the  center  of  the  umbra  first  touches 
the  earth.  Carry  on  the  penumbra,  a  quarter  of  an  hour  for  instance,  and  ad'- 
just  the  globe  to  the  time,  and  project  the  center  upon  the  earth,  and  it  gives 
the  point  where  the  eclipse  is  central  at  that  time.  Find  thus  as  many  points 
as  you  please,  and  draw  a  curve  through  them  all,  and  you  get  the  path  of  the 
center  of  the  penumbra  over  the  earth,  showing  all  those  places  where  the 
eclipse  was  centiaL 

If  tlie  penumbra  be  formed  by  12  equidistant  concentric  wires,  the  phsno- 
mena  of  any  one  of  the  digits  may  be  traced  out  in  the  same  manner ;  that  is, 
we  can  find,  for  instance,  all  the  places  where  the  sun  is  three  digits  eclipsed 
at  its  rising  and  setting,  and  the  tract  where  the  sun  is  three  digits  for  the  time 
of  the.  eclipse.  The  globe  here  used  should  be  one  which  has  the  hours  marked 
on  tlie  equator. 

.  Tlie  method  of  tracing  out  the  different  curves  was,  I  believe,  first  given  by 
M.  de  la  Caille  in  his  Astronomy.  M.  du  Sejour  has  given  an  anal}iical 
method  of  laying  down  the  curves  in  his  TraitS  AnalyHque.  But  these  are 
mtlters  rather  of  curiosity,  than  of  anv  real  use  in  Astronomy.  If  we  place  the 
circle  JETY^'F  perpendicular  to  the  horizon,  and  vertical  to  «$*  a  strong  lamp  be 
fixed  in  the  principal  focus  of  a  double  convex  lens,  so  that  the  rays  may  be 
thrown  parallel  upon  the  globe  and  perpendicular  to  ETCVj  the  shadow  of  the 
penumbra  will  give  the  points  of  projection  required,  instead  of  the  plumb  line. 
Thus  we  make  a  common  globe  answer  the  purpose  of  an  Eclipsareon,  invent* 
ed  by  Mr.  Ferguson,  and  described  in  his  Astronomy. 

585.  Ab  there  are  not  many  persons  who  have  an  opportunity  of  seeing  a  to- 
tal eclipse  of  the  sun,  we  shall  here  give  the  phaenomena  which  attended  that 
on  April  22,  1715.  Captain  Stannyan,  at  Bern  in  Switzerland,  says,  "  the 
sun  was  totally  dark  tot  four  minutes  and  an  half;  that  a  fixed  star  and  planet 
sqipeared  very  bright ;  and  that  its  getting  out  of  the  eclipse  was  preceded  by 
a  blood-red  streak  of  light,  from  its  left  limb,  which  continued  not  longer  than 
fix  or  seven  seconds  of  time ;  then  part  of  the  sun's  disc  appeared,  all  on  a  sud- 
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tlcii,  as  bright  as  Venus  was  ever  seen  in  the  night ;  nay  brighter,  and  in  that 
very  instant  gave  a  light  and  shadow  to  things,  as  strong  as  moon  light  used  to 
do/'  The  inference  drawn  from  these  phsenoniena,  is,  that  tho  moon  has  an 
atmosphere. 

J.  C.  Facis,  at  Geneva,  says,  *^  there  Avas  seen,  during  the  whole  time  of 
tlic  total  immersion,  a  whiteness,  which  seemed  to  break  out  from  behind  the 
moon,  and  to  encompass  it  on  all  sides  equally;  its  breadth  was  not  the  tweliUi 
part  of  the  moon's  diameter.  Venus^  Saturn^  and  Mercury  were  seen  by  many; 
and  if  the  sky  had  been  clear,  many  more  stars  might  have  been  seen,  and  with 
them  Jupiter  and  Mars.  Some  gentlewomen  in  the  country  saw  more  than 
16  stars;  and  many  people  on  the  mountains  saw  the  sky  starry,  in  some  places 
where  it  was  not  overcast,  as  during  the  night  at  tlie  time  of  the  full  moon. 
The  duration  of  the  total  darkness  was  three  minutes." 

Dr.  J.  J.  ScHEucHZER,  at  Zurich,  says,  that  "  both  planets  and  fixed  stars, 
were  seen ;  the  birds  went  to  roost ;  the  bats  came  out  of  their  holes ;  and  the 
fishes  swam  about ;  we  experienced  a  manifest  sense  of  cold ;  and  the  dew  fell 
upon  the  grass.     The  toUU  darkness  lasted  four  minutes." 

Dr.  H ALLEY*,  who  observed  this  echpse  at  London,  has  thus  given  the  phae- 
nomena  attending  iti  ^^  It  was  universally/  observed,  that  when  the  last  part  of 
the  sun  remained  on  its  east  side,  it  grew  very  &int,  and  was  easily  supportable 
to  the  naked  eye,  even  through  the  telescope^  for  above  a  minute  of  time  before 
the  total  darkness ;  whereas  on  the  contrary,  my  eye  could  not  endure  the 
splendor  of  the  emerging  beams  in  the  telescope  from  tlie  first  moment.  To 
this  perhaps  two  causes  concurred;  the  one,  that  tlie  pupil  of  the  eye  did  ne- 
cessarily dilate  itself  during  the  darkness,  which  before  had  been  much  con- 
tracted by  looking  on  the  sun.  The  other,  that  the  eastern  parts  of  tlie  moon, 
having  been  heated  with  a  day  near  as  long  as  thirty  of  ours,  must  of  neces* 
sity  have  that  part  of  its  atmosphere  replete  with  vapours,  raised  by  the  long 
continued  action  of  the  sun;  and  by  consequence,  it  was  more  dense  near  the 
moon's  surface,  and  more  capable  of  obstructing  the  lustre  of  the  sun's 
beams.  Whereas  at  the  same  time  the  western  edge  of  tlie  moon  had  sufiered 
as  long  a  night,  during  which  time  there  might  fall  in  dews,  all  the  vapours  that 
were  raised  in  tlie  preceding  long  day ;  and  for  that  reason,  that  part  of  its 
atmosphere  might  be  seen  much  more  pure  and  transparent. 

■ 

*  The  Dr.  l^egins  his  account  thus.  Though  it  be  certain  from  the  principles  of  Artnmomy,  that 
there  happens  necessarily  a  central  eclipse  of  the  sun,  in  some  part  or  other  of  the  terraqueoiw  globe» 
about  twenty-eight  times  in  each  period  of  eighteen  years;  and  that  of  these,  no  less  than  eight  do 
pass  over  the  parallel  of  London,  three  of  which  eight  are  total  with  continuance:  yet  from  the  great 
variety  of  the  elements  whereof  the  calculus  of  eclipses  conjiists,  it  has  so  happened,  that  since  Mardi 
^,  11 40^  I  cannot  find  that  there  has  been  a  total  eclipse  of  the  sun  seen  at  London,  though  IB  the 
mean  time  the  shade  of  the  moon  has  oflen  passed  over  other  parts  of  Great  Britain. 
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*'  About  two  minutes  before  the  total  immcrsioTi,  the  remaining  part  of  the  sun 
was  reduced  to  a  very  fine  horn,  whose  extremities  seemed  to  lose  their  acute- 
ness,  and  to  become  round  like  stars.  And  for  the  space  of  about  a  quarter  of 
a  minute,  a  small  piece  of  the  southern  horn  of  the  eclipse  seemed  to  be  cut 
off  from  the  rest  by  a  good  inteiTal,  and  appeared  like  an  oblong  star  rounded 
at  both  ends:  which  appearance  could  proceed  from  no  other  cause,  but  the 
inequalities  of  the  moon*s  surface,  there  being  some  elevated  parts  thereof  near 
the  moon*s  southern  pole,  by  which  interposition,  part  of  that  exceedingly  fine 
filament  of  light  was  intercepted. 

"  A  few  seconds  before  the  sun  was  totally  hid,  there  discovered  itself  round 
the  moon  a  luminous  ring,  about  a  digit  or  perhaps  a  tenth  part  of  the  moon's 
diameter  in  breadth.  It  was  of  a  pale  whiteness,  or  rather  pearl  colour  seeming 
to  me  a  little  tinged  with  the  colours  of  the  im,  and  to  be  concentric  with  the 
moon;  whence  I  concluded  it  was  the  moon's  atmosphere.  JBut  the  great 
height  of  it,  far  exceeding  that  of  our  earth's  atmosphere ;  and  the  observa- 
tions of  some  who  found  the  breadth  of  the  ring  to  increase  on  the  west  side  of 
the  moon,  as  the  emersion  approached  ;  together  with  the  contrary  sentiments 
of  those,  whose  judgment  I  shall  always  revere,  make  me  less  confident,  espe- 
cially in  a  matter  whereto  I  gave  not  all  the  attention  requisite. 

"  Whatever  it  was,  this  ring  appeared  much  brighter  and  whiter  near  the  body 
of  the  moon,  than  at  a  distance  from  it;  and  its  outward  circumference,  which 
was  ill  defined,  seemed  terminated  only  by  the  extreme  rarity  of  the  matter  it 
was  composed  of;  and  in  all  respects  resembled  the  appearance  of  an  enlight- 
ened atmosphere,  viewed  from  far :  but  whether  it  belonged  to  the  sun  or  the 
moon,  I  shall  not  at  present  undertake  to  decide. 

"  During  the  whole  time  of  the  total  eclipse,  I  kept  my  telescope  constantly 
fixt  on  the  moon,  in  order  to  observe,  what  might  occur  in  tliis  uncommon  ap- 
pearance, and  I  saw  perpetual  flashes  or  coruscation  of  light,  which  seemed  for 
a  moment  to  dart  out  firom  behind  the  moon,  now  here,  now  there,  on  all  sides, 
but  more  especially  on  the  western  side,  a  little  before  the  emersion :  and  about 
two  or  three  seconds  before  it,  on  the  same  western  side,  where  the  suti  was 
just  coming  out,  a  long  and  very  narrow  streak  of  a  dusky,  but  strong  red  light, 
seemed  to  colour  the  dark  edge  of  the  moon,  though  nothing  like  it  had  been 
seen  immediately  after  the  emersion.  But  this  instantly  vanished  upon  the  furst 
appearance  of  the  sun,  as  did  also  the  aforesaid  luminous  ring. 

"  As  to  the  degree  of  darkness,  it  was  such,  that  one  might  have  expected  to 
have  seen  many  more  stars  than  were  seen  in  London;  the  planets,  Jt(p/fer, 
Mercury  and  Venus  were  all  that  were  seen  by  the  gentlemen  of  the  Society 
from  the  top  of  their  house,  where  they  had  a  free  horizon  :  and  I  do  not  hear 
that  any  one- in  town  saw  more  than  CapeUa  and  Aldebaran  of  the  fixed"  stars. 
Nor  was  the  light  of  the  ring  round  the  moon  capable  of  effacing  the  lustre  of 
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the  starSy  for  it  was  vastly  inferior  to  that  of  the  full  moon,  and  so  weak  that  f 
did  not  observe  it  cast  a  sliade.  But  the  under  parts  of  the  hemisphere,  parti- 
cularly in  the  south-cast  under  the  sun,  had  a  crei)uscular  brightness ;  and  aU 
round  us  so  much  of  the  segment  of  our  atmosphere  as  was  above  the  horizon^ 
and  was  without  the  cone  of  the  moon's  shadow,  was  more  or  less  eqlightened 
by  the  sun's  beams;  and  its  reflection  gave  a  diffused  light,  which  made  the  air 
seem  hazy,  and  hindered  the  appearance  <^  the  stars.  And  that  this  was  the 
real  cause  thereof,  is  manifest  by  the  darkness  being  more  perfect  in  those 
places  near  which  the  center  of  the  sliade  past,  where  many  more  stars  were  seeii^ 
and  in  some,  not  less  than  twenty,  though  the  light  of  the  ring  was  taall  alike. 
^'  I  forbear  to  mention  the  chill  and .  damp,  with  which  the  darkness  of  this 
eclipse  was  attended,  of  which  most  spectators  were  sensible,  and  equally 
judges;  or  the  concern  Uiat  appeared  in  all  sorts  of  animals,  birds,  beasts  and 
fishes  upon  the  extinction  of  Uie  sun,  since  ourselves  could  not  behold  it  with., 
out  some  sense  of  horror  J' 

586.  At  an  eclipse  of  the  sun,  the  distance  between  the  centers  of  the  Bim 
yjo.  .  and  moon  may  b^,  found  at  any  tim^  with  a  micrometer  thus*    Let  ^CB  bethe 
142.     sun,  S  its  center,  ABD  the  moon,  M  its  center;  take  the  distance ^'JS  of  the 
hp^  wi|tbj  the  micrometer ;.  tlic^n  w^  know-  Ae  half  that  distance,  and  know- 
ing S4,  frpm.the  Tables,  we  have  JSe  z  ^^A  *  —  Ae* ;  for  the  same  Reason  know* 

JM»g -4  Vfeom  the  Tables,  i*e  liavtt  JW^±=v/-2^W*-^^*  i  hence,  SM=zSe-k-eM 

fio.     w  known*     I£  w&itSuis  take  SN;  SQ  the  distances  of  the  sun  and  moon  at  any 

ISl.    tim^.and  cakulaie  the  apparent  mdtiidn  NQ  of  the  moon^in'  the  interval,  we 

AWty:fiod  the  apparent  time  oi^'coi^junctton.    M.  dn  Sfejotit  found  it  neceflsarj 

to  subtract  3^,5  from    tlie  semidiameter  of  tlie  sun  as  given  in  the  Tables 

iN^Uiiedy  in  ordfifTio  make  hia  calculations  agrfee  ^th  observations,  indepen- 

4ent)jr  ttf  die  diihinu(nbn  of  die  moon^s  semidiameter  by  mflectian  (380,  587)1 

Jo  our-.oileulatioiis,  we  hav^e  taken  the  semidiameter  of  fhe  sun  S'^less  than  that 

f^iyeo  in  sM  aster's  tables,  according  to  Dr.  Maskeltne's  determination.     Thh 

^^ce  of  Ite  centers  may  also  be  foUnd  by  measuring  the  breadth  Cr,  whicli 

If^eQ  from;  Cz  leaves^  4*2;  hence,  MSt&  Mr  +  Sz — 2tz  is  known. 

'yj  tf8T>:^Ad0iitting*;tbel  inflection  of  the  rays  of  the  sun  at  the  moon,  an  ecltpsa 

9ill 'begin  later)  and/end  siioner,  and  therefore  the  duration  will  be  dnninished; 

TPiG.     For  if  iSht  tho  sarli,  M  the  nio<m,  T  the  spectator ;  draw  Tma  a  tangent  to  the 

J43.     sun,)aud  let  a  rayabThe  inflected  at  A /then  the  eclipse  does  not  begin  till  the 

moon's. limb  gets  to  /);>  whereas,  without  inflection,  it  would  have  begnn  at  the 

line  iitna;  forthe-  same  reason  k«ends  sooner.     The  duration  however  of  an 

annular  eclipse,  and  the  breadth,  of  the  annnlus  is  increased  by  this  cause.   This 

M.  du  Sejour  has  found  to  agree  with  observaticHi.  ' 

Pic.         588.  Let  Nanb  represent  th.^:  orbit  of  tlie  earth,  JVcnrfthc  plane  of  the  moon's 

VM.     ocbit.  indined  to  it ;  take  vNzzNm:=xn:=.nzzz.n''.  21',  j?JV^;siVr=fft snts:  li\ 
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84',  then  (552,  560)  all  the  time  the  earth  is  moving  from  v  to  u\  and  irom  jr 
to  Zj  it  is  within  the  solar  ecliptic  limits ;  and  whilst  it  moves  from  jbr  to'  r,  arid 
from  s  to  /,  it  i»  within  jthe  lunar  ecliptic  limits.  No^  if  a  conjunction  happen  at 
or  very  near  the  node,  there  will  be  a  great  solar  eclipse ;  but  at  the  pr^ce^mg 
opposition,  the  earth  may  not  be  got  into  the  lunar  ecliptic  limits,  and'  Jit  th^ 
next  opposition  it  may  be  got  beyond  it ;  hence  at  each  hode  there  m'dy  happe'h 
only  one  solar  eclipse,  and  therefore  in  a  *  year  thierfe'-Tway  happen  bnly '  two 
solar  eclipses.  .•  ,.  . 

f  There  must  be  one*  conjunction  happen  in  the  time  in  which  the  earth  is 
passing  through  the  solar  ecliptic  lii»its,*«nd- consequently  there  me^/6e  one 
solar  eclipse  happen  at  each  nodef » tei^eei 'there  must  be  two  solar  eclipses  at 
•least  in  a  year.  '   >-  ■'!"  ^ '^^^  ^^-'^''''  '*^*  <-' 

If  an  opposition  happen  just  before  i^-^YQt  ^j^fefe'  into  the  lunar  ecliptic 
limit,  the  next  opposition  may  not  happen  till  th6  earth  is  got  beyond  the  liniil 
on  the  other  side  of  the  node;  consequently  there  may  ndt  be  a  lunafecJlipsB 
at  the  node  i  hence^  there  may  not  be  an  e^^lip^  of  the  moon  in  the  course  of 
a  year.  'When  thei^efore  there  are  only  two  eclipses  in  a  year,  they  must  1^6  '' 

bothofthesun.  )  .  ''        rv -a^o  ii  ^  /s.g       ^ 

If  there  be  an  eclipsd  of  4he  moon  as  soon  as  the  earth  giets  within  tH'e  link j* 
ecUptip  liHUt^  Jit  wiil  be  got  out  of  tlie  limit  before  the  ne^t  opp^sititdn  ;  <5ons6:- 
quently  th^?^  ^^:^  9^H.  ^"^  lunar  eclipse  at  the  same  'aiodejiKSUtT  fa  tbe 
lunar  n^^d^^  ^9y^  bxickwards  about  19^  iu  a  year,  (he  earthi^ma)?!  conwwithM  ^-^ 
the  l^iw  .^f;l^p^'9  lVP^t?>  ^^  ^^  ^^^  node,  a  second,  time  hi'  die  cbossec ^-^  ^ ^^ ^ 
year,.  ^^pjd;tt^e]:ef9r^  t^i^i^  may  be  three  lunar  eclipses  in  a  yeftr;i  and^tlieib'cCill 
benomorC;.,      .  *      "c:  ;^fiiidr?   oi 

If  an  eclipse  of  the  mpoa  happen  at  or  very  near  to  the  mMte^^a  ooi^M^MI 
may.  happen  before  and  after,  whilst  the  earth  is  Within  tbe.8blBi^eefiipfJte  l(blffi^: 
iienc^  there  may,  at  each  node,  happen  two  eclipses  of  thenuh'ahd  ^nefO^tftb 
mqon ; ,  and  in  tliis  case,  the  eclipses  of  the  sun  will  li^  sftsill,  'andAffiafficf^'tfSe 
moon  largQ^  Thus  when  the  eclipses  happen  at  each  node  oidjboterd^^i^ 
may  be  six  eclipses  in  a  year,  four  of  which  must  be  of  the  sont  ai^twd  tff^ie 
mopn^  Butr^if^  aS|  i^  the  last  case,  an  eclipse  should  happen  iitt&s/^etli^  of 
thCj  earth*wijlhi)n  ^^he  ]unar  ecliptic  KnutB  at  the  same  node  ii  seoond  titnr^lth- 
in  the  year, ,  tl\ej'e  may  be  six  eclipses,  three  of  the  sun  ibfid  three  of  the  teochtk 

T]bere  n^ay  }/|S  seven  eclipses  in  a  year.  For  twelve  lunations  are  performed 
in  354  daysi^  ^f  ip  eleven  days  less  time  than  a  common  year. .  •  :if  thef ef(ff*e^^h 
'eclipse  pf  .the  svin  sliould  happen  before  January  11,  and  there ibe  at  thdt^  aild 
at  the  ne:}^t  np^e,  t^p  solar  and  one  lunar  eclipse  at  each  nod^;  thei^  the 
twelfth  lunation  from  the  first  eclipse  will  give  a  new  moon  within  the  year,'- ancL  ^ 
(on  account  of  the  retrograde  motion  of  the  moon's  Ixodes)  the  eardi^niaiy  be 
got  within  the  solar  ecliptic  limits,  and  there  mayb^  another  sollur  eclipset 
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59&-It  beiBg  foaod  that  there  will  be  an  occultation^  we  must  aacectain,  as 
nearly  as  possible,  the  beginning  and  end ;.  for  this  purpose^  tlie  Table  at  the 
end  of  this  subject  is  very  useful ;  it  was  constructed  and  computed  by  the  Rev. 
Malacut  Hitchins,  a  gentleman  well  conversant. in  tlie  theor}'  and  practice  of 
Astronomy,  who  had  the  goodness  to  communicate  it  to  me,  with  pennissicm  to 
publish  it ;  its  construction  and  use  we  shall  here  explain. 
FIG.  597.  Let  C  be  the  center  of  the  moon,  LM  that  diameter  which  is  parallel 

1 45.  to  the  ecliptic  £P,  to  which  draw  dCF  perpendicular ;  let  vw  represent  the 
path  of  the  star  behind  tlie  moon*,  z  the  place  at  ihe  apparent  ecliptic.con- 
junction,  i  at  the  immersion,  and  e  at  the  emersion  ;  assume  a  point  r  a  little 
before  the  immersion,  and  draw  rx  parallel  to  LMj  and  ram^  stn^  isp  perpen- 
dicular to  j£P,  or  secondaries  to  the  ecliptic,  and  join  CV,  O,  and  Cx  ;  draw 
also  zo  parallel  to  Z3/,  and  join  O).  Now  the  construction  of  the  Table  is 
to  represent  the  value  of  ct  corresponding  to  any  semidiameter  Cx  of  the 
moon,  and  to  any  difference  xt  of  the  apparent  latitudes  of  the  moon  and  star, 
by  entering,  with  the  former,  the  head  of  the  Table,  and  with  tlie  latter,  its 

Side. 

598.  To  find  nearly  the  time  of  immersion  and  emersion,  with  the  moon's 
semidiameter,  and  the  diflference  Cz  of  the  apparent  latitudes  at  the  a|qparent 
conjunction,  enter  the  Table,  and  it  gives  zo  ;  and  9ah)z  makes  but  a  small  an^e 
with  zo^  zo  is  generally  nearly  equal  to  zi^  and  also  to  ze;  take  therefore  the  ho- 
rary motion  of  the  moon,  and  find  the  time  of  describing  xo,  and  subtract  it  from 
and  add  it  to  the  time  at  z,  and  it  generally  gives  the  time  of  the  banning  and 
end  sufficiently  near  for  the  purpose  here  wantedt. 

599.  By  applying  this  Rule,  let  us  suppose  that  it  gives  the  beginning  at  r 
instead  of  i.  Tlie  true  longitude  and  latitude  of  the  moon  at  the  time  of  the 
true  conjunction  being  known,  and  their  horaiy  motions,  find  its  true  latitude 
and  longitude  at  the  assumed  time  of  beginning,  and  to  that  time  compute  the 
parallaxes}  (HS)  in  latitude  and  longitude,  and  apply  them  to  the  true  latitude 

♦  We  here  represent  the  moon  as  being  fixed,  and  the  star  in  motion,  making  the  fame  angle  with 
the  echptic  as  the  apparent  path  of  the  moon  does,  which  makes  no  alteration  in  the  relative  situation 
ct*  the  two  bodies,  and  the  reprcsentatioa  is  more  simple. 

+  More  accurately,  zo  should  l>e  reduced  to  the  ecliptic,  by  (108)  multiplying  it  by  the  secant  of 
the  apparent  latitude  dz,  before  the  time  of  describing  it  is  found,  but  tiiis  is  unnecessary.  Also  zi  and 
zc  are  not  accurately  equal,  and  the  nearer  e  is  to  F  the  greater  will  be  the  error.  But  accuracy  here 
is  not  necessary;  and,  in  general,  the  rule  will  be  sufficiently  accurate,  and  always  be  a  very  useful 
guide  for  estimating  the  time  of  beginning  and  end. 

X  The  horizontal  parallax  of  the  moon  is  not  here  diminished  (as  it  was  in  solar  eclipses  by  the  mid's 
parallax),  the  star  not  having  any  parallax,  5 
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&nd  longitude  and  we  get  the  apparenrt  latitude' »and  longitude,  the  differences 
between  which  and  the  apparent  latitude  and  longitude  of  the  star,  give  the 
apparent  distance  of  the  moon  from  the  star  in  latitude  and  longitude,  or  they 

give  «r  and  Ati ;  also,  cos.  Ci?-^p.' lat.  <t  ytfrnzitCa;  hence,  Cr=y/tS*Tar* 
is  kiiown,  and  if  this  be  eywaMd'the  inoon's  s^ftiidiart^ter,  tlie  assumed  is  the 
true  time  of  beginning;  if  ^ft/l^,  tiie  occultfttSfti  has  riot  taken  place  j  if  few, 

it  has.  ^         ■■    '•»;     /^^'   '   ■  •         •''■     ■■-     '     ' 

600.  With  the  c3K!fferiftic§  m^^b  *r)  of  apparent  latitudes,  and  the  moon^s  se- 
midiamiterCr,  take  t)UtC/*frem  111 tf' Tables,  and  we  get  ta  —  Ca^Ct;  hence, 
siec.  app.  lati  rfffxto^'wi»;^d  from  fiiehort^ry  motion  find  the  time  of  de- 
scribirig  rww,  whiclf  added  to  or  siibtritifcted  from  the  above  assumed  time  of  be- 
ginning, will  give  v^ry  riedrly  the  trUe  tim^'sof  begiirtlng. 

601.  To  this  tiine  find,  as  before;  the' YiJ)paifynt' ^difference  (d)  of  latitudes, 
and  appairent  difibirtJnce   (Z))  of  longitudes'  at  the  moon,  whence  we  get 

J^D*  %  rf*==m,  the  apparent  distanfce  of  the  stair  from  the  lAbon's  center :  if  this 
dfistdiice  be  ^y?/^/ to  ihc  moon's  semidiameter;"tMs  Second  assumed  time  is  the 
time  of  the  immersion  ;  if  greater^  the  occultation  has  not  taken  place  ;  if  t^'sSj 
thtHfnmiersioti'ls  past.  If  therefore  tliiS 'Second  assumed  time  be  not  tr^e,  we 
pr6iiec!ef  as ih  'Art!  i^5,  and  say,  Cvf^m  :  Qtf^m::the  interval  of  the  as^ftied 
times  r^tfhe  interval  betA^'eehthe  secotid  assumed  timb  and  the  time  of  the'  im'- 
on^raffoh  ;  this  interval  therefore  applied  to  the  second  assumed  time,  gives  the 

time  of  the  7*i;7kT«ow.' 

■  .-    ■.   . 

The  time  of  the  Emersion  is  found  exactly  in  the  same  manner. 


EXAMPLE. 


•\  » 


st 


Tojind  the  Thne  of  the  Occtdtation  of  Aldebaran  by  tht  Moon^ 

on  January  2, 1 795,  at  Greenxvich. 

.J,  ...  .    » 

The  apparent  longitude  of  Aldebaran.on  January  2,  1795,  is  found  to  be  2*. 

6"^,  55'.  35%  and  its  latitude  5°.  28'.  50"  south.     *»' 

The  time  of  the  mean  conjunction  is  at  9/u  9'.  53''^  at  which  time  the  dif. 
tcrencc  of  the  moon's  and  star's  latitudes  isr- 1"".  ]',  consequently  (591)  there- 
may  be  an  occultation.  But  from  the  equation  of  the  moon's  orbit,  the  diffe- 
rence of  the  times  of  the  mean  and  true  conjunction  will  probably  happen  five 
hours  sooner ;  let  us  therefore  assume  4//.  at  which  time  the  moon's  true  lon- 
gitude is  found  to  be  2'.  6°.  47'.  45",  and  its  horary  motion  35\  39";  hence,  the 
time  of  the  true  ecliptic  conjunction  of  the  moon  and  Aldebaran  is  found  to  be 
2d.  4//.  13'.  21"  mean  time,  from  which  subtract  4'.  41"  the  equation  of  time,  and 
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me  get  the  true  ecliptic  conj unction  at  4A.  8'.  40'  ^>parent  time,  at  vbich  lone 
tiie  moon'ft  true  longitude  is  2\  6^.  5^.  35^. 

At  the  time  of  the  true  conjunction,  the  moon's  true  latitude  b  fimnd  bj  caL^ 
culation  to  be  4\  Sfi'  south ,  and  its  horaiy  motion  in  latitude  is  1'.  35*  ciecreas- 
fii^;  also,  the  moonN  horizontal  parallax  at  Greenwich  is  found  to  be  fd*.  16*, 
and  hence  (173)  tlie  parallax  in  longitude  is  29'.  17"  additive  to  the  true  to  get 
the  apparent  longitude,  the  star  being  to  the  east  of  the  nonagesimal  degree ^ 
also  Uie  parallax  in  latitude  is  48'.  4\  increasing  the  true  latitude.  The  hwi- 
zontal  scmidiameter  of  the  moon  is  le!.  11%  which  increased  by  S\  the  ai^« 
mentation  of  the  scmidiameter  on  account  of  the  moon's  altitude,  gives  16*. 
16"  for  tlie  apparent  scmidiameter. 

I1ic  parallax  29'.  iT  in  longitude  (at  the  time  of  the  true  conjunction)  riiovs 
{j594)  the  moon's  apparent  distance  from  the  star  in  longitude ;  and  the.panl* 
kx  48'.  4"  in  latitude  applied  to  the  true  latitude  4^".  S&.  gives  5^.  24'.  4^  for  the 
moon's  apparent  ktitude,  which  differs  from  5^.  28'.  5(fy  the  star's  latitude,  by 
4'.  46'',  which  being  less  than  16'.  le''  the  moon's  apparent  semidiameter,  there 
will  be  an  occultation. 

To  find  (595)  nearly  the  time  of  the  apparent  conjunction,  say,  SJ*.  19** :  2tf.. 
17':'  1  hour  :  49'.  18"  the  time  nearly  between  the  true  and  the  apparent  con- 
junction ;  and  as  the  moon  is  to  the  east  of  the  nonagesimal  degree,  this  sub- 
tracted from  the  time  4A.  8'.  40^  of  the  true  conjunction  leaves  Sh.  19'.  22*  fi)r 
the  time  of  the  apparent  conjunction  nearly. 

With  the  moon's  scmidiameter  le*.  16",  and  the  difference  4'.  46"  of  the  star's 
and  moon's  apparent  latitudes,  enter  the  Table,  and  it  gives  zozzlSf.  32*; 
hence  35^.  39'  :  15'.  32''::  1  hour  :  26'.  9",  which  subtracted  from  and  added  to 
ah.  19'.  22",  give  2A.  53'.  13"  for  tjie  beginning,  and  Sfi.  45'.  31"  for  the  end, 
nearly. 

•  The  true  longitude  of  the  moon  at  4//.  8'.  40"  being  2'.  6^  55\  35",  and  the 
horary  motion  35'.  39",  the  true  longitude  at  2h.  53'.  13"  is  2\  6^.  iQf.  44",  and 
tlie  parallax  in  longitude  is  28'.  43" ;  hence,  the  apparent  longitude  at  that  time 
is  2\  6°.  39'.  27%  which  subtracted  from  2\  6°.  55\  35"  the  star's  longitude, 
gives  16'.  8"  =  dm  for  the  apparent  difference  of  longitudes  of  the  moon  and 
star,  which  nuiltiplicd  by  0,9955  (the  cosine  of  the  moon's  apparent  latitude) 
gives  16'.  4^  =  964"  =  C\/.  Also,  the  moon's  true  latitude  at  4A.  8'.  40"is  4^ 
36',  and  the  hgniry  motion  in  latitude  being  1'.  35'  decreasing,  the  true  latitude 
at  2/*.  53'.  13"  is  4°.  37'.  55^ j  and  the  parallax  in  latitude  being  i?r.  27%  the  ap- 
IMinnit  latitude  is  5"".  29'.  22"  which  differs  from  5\  28'.  50",  the  star's  ktitude, 
by  S^r-ra;  hence,  v/964*  +  32*  =  965"  =  16'.  5":=cr,  which  is  less  than  itf. 
16"  the  moon's  apparent  scmidiameter  by  11";  therefore  tlie  occultation  at  this 
4ime  must  have  taken  place* 

a 
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With  S2"the  difference  of  the  apparent  latitudes  and  16*.  16"  tlie  moon^s  se- 
midiametcr,  enter  the  Table,  and  we  get  16'.  15",  the  difference  between  which 
and  tW(=l6'.  4")  is  te=ll"*,  the  time  of  describing  wiiich  is  22",  whicb 
subtracted  &om.2lu  53'.  13"  gives  2A.  52'.  51'  for  the  next  assumed  time  of  im- 
mersion. 

At  this  time  we  find  (exactly  as  we  found  the  same  for  tlie  first  assumed  time) 
the  difference  Ca  of  the  moon's  apparent  longitude  and  tliat  of  tlie  star,  at  tlie 
moon,  to  be  16'.  18"  =  978" ;  and  the  difference  ra  of  the  apparent  latitudes  to 

be  33";  hence,  v/978M^3?=979"=16'.  19"=  Cr,  which  is  greater  than  16'. 
1 6"  by  S",  consequently  the  occultation  has  not  taken  place. 

Hence  (601),  1 1"  +  3"=  14"  :  3"::  22"  :  5",  wliich  added  to  2A.  52'.  51"  gives 
2A.  52'.  56"  for  the  time  of  Immersion. 

At  3 A.  45'.  31",  the  assumed  time  of  tlie  emersion,  compute  as  before  the  ap- 
parent longitude  and  latitude  of  the  moon,  and  we  find  Ca=  15".  44"=944"  (a 

now  lying  on  the  other  side  of  C),  and  ar=2'.  59"  =  179";  hence,  y/944*  +  179* 
=96l"'=16'.  1",  which  is  less  than  16'.  16"  by  15",  consequently  the  emersion  is 
not  yet  arrived. 

With  179""  the  apparent  difference  of  latitudes,  and  16'.  16"  the  moon's  semi« 
diameter,  enter  the  Table,  and  we  get  16',  the  difference  between  which 
and  Ca=15'.  44*^  is  16",  the  time  of  describing  which  is  32",  which  add- 
ed to  3h.  45'.  31"  gives  S/i.  46".  3"  for  the  next  assumed  time  of  emersion. 

At  this  time,  compute,  as  before,  the  apparent  longitude  and  latitude  of  the 

moon,  and  we  find  Qz=16".  3''=963",  and  ar  =  2'.  59"=179";  hence,  ^963*+ 179* 
=977"  =  le*.  17",  which  is  greater  than  16'.  16"  by  l",  consequently  the  emer« 
sion  has  taken  place. 

Hence  (601),  15"  + 1"=  16"  :  1"::  32"  :  2",  which  subtracted  from  3A.  46'.  S* 

leaves  3h.  46*.  l"  for  the  time  of  Emersion. 

•*. 

Hence,  the  apparent  times  at  Greenwich,  are. 

Immersion        -        -        -        2**.  52'.  56" 
Emersion         ...        3.   46.     1 
Duration  -         -         «        O.   53.     5 

The  times  thus  calculated  must  be  subject  to  the  error  of  the  Tables,  as  in 
solar  eclipses,  but  in  somewhat  a  less  degree,  as  the  horary  motion  of  the  moon 

*  This  quantity  is  so  small,  that  if  we  were  to  reduce  it  to  the  ecliptic  before  we  found  the  time  of 
describing  it,  it  would  make  no  sensible  difference ;  the  reduction  is  therefore  here  unnecessary,  as  it 
is  also  in  finding  nearly  the  time  of  the  emersion. 
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in  respect  to  the  star  is  greater  than  that  in  respect  to  the  sun.  Hence^  the 
computed  times  compared  witli  the  times  by  observation,  afibrd  the  means  of 
correcting  the  TaUes. 

The  immersion  at  i  is  about  30*  north  of  the  moon's  center,  and  the  emer^^ 
sion  at  Cy  is  about  S'  north. 


To  determine  by  Construction,  the  Time  of  an  Occidtation  of  a  Fitred  Star 

by  the  Moon. 

0Oe.  The  moon's  latitude  and  longitude  being  computed  for  the  tme  time 
of  conjunction,  and  the  horary  motion  of  the  moon  in  latitude  and  longitude^ 
find  the  latitude  and  longitude  for  one  hour  before  or  after,  according  as  the 
occultation  happens  before  or  after.  Take  also  the  star's  latitude  and  decKna^ 
tion,  and  find  (105)  the  time  of  passing  the  meridian;  find  also  tlie  moon's  se- 
midiameter  and  horizontal  parallax.  Now  it  is  manifest,  that  the  star  may  be 
used  as  the  sun,  only  instead  of  12  upon  the  ellipse  we  must  put  the  hour  of 
the  star's  passage  over  the  meridian;  and  as  the  star  has  no  parallax,  the  radius 
of  pi-ojection  will  be  equal  to  the  moon's  horizontal  parallax.  Hence,  with  that 
FIG.  radius  describe  the  semicircle  EGCj  erect  GO  perpendicular  to  £C,  find  (536)  • 
146.  ^e  position  of  the  pole  P,  and  describe  tlie  ellipse  for  the  latitude  of  the  place, 
and  declination  of  the  star ;  and  to  find  the  moon's  orbit,  take  Ov  equal  to  the  ^ 
difierence  of  the  mOon  and  star's  latitude  at  the  time  of  the  true  conjunction^ 
and  take  also  O^  equal  to  the  moon^s  horary  motion  in  longitude,  and  draw  ly 
perpendicular  to  EC  and  equal  to  the  difference  of  the  moon's  and  star's  lati* 
tude  at  one  hour  from  conjunction,  and  the  straight  line  MyvL  will  represent 
the  moon's  orbit.  Then  with  an  extent  of  compass  equal  to  the  moon's  semiF 
diameter,  find  two  points  c  and  d  marked  the  same  instant,  and  it  gives  the 
time  of  immersion ;  find  also  two  other  points  s  and  /  denoting  the  same  point 
of  time,  and  you  have  the  time  of  emersion;  also  if  the  nearest  distance  wc  of 
the  corresponding  points  of  time  be  taken  and  measured  upon  the  scale,  it  will 
give  the  nearest  distance  of  the  star  to  the  moon's  center  in  the  time  of  occol* 
tation. 

Ex.  To  construct  the  occultation  which  we  before  computed.  The  time  of 
conjunction  was  at  4A.  8'.  40*  in  the  morning,  in  longitude  2\  6^  55' .  35* ;  the 
moon's  latitude  was  4^  36'  S.  its  horary  motion  in  longitude  35'.  39%  and  m 
latitude  l'.  35"  decreasing;  its  semidiameter  was  16'.  16",  and  horizontal  paral* 
lax  59'.  16";  also,  A Idebaran's  latitude  was  5"".  28'.  50' south,  its  declination  16^. 
5'.  6",  and  it  passed  the  meridian  at  9h.  29'.  24"  in  tlie  afternoon.  Hence,  take 
OC=59^  16',  find  (536)  the  pole  P  at  the  given  time,  and  describe  the  ellipse 
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for  the  latitude  of  Greenwich  avid  the  star's  dedinatioii,  and  at  tibts  point  J»  mark  . 
9k.  29*  (neglecting  the  124'^,  being  the  thnenvhen  the  itar^xmies  1q  thd)inerp[4i* 
an,  and  from  it  divide  the  ellipse  into  hours,  and  subdivide  them  asijfair  as  yo^- 
can  conveniently.  Take  Or = 52^;  ■  50 "' the  differeilce  of  the. star's :and'OiQon's 
latitude  at  the  time  of  conjunction,  and  0*r=55'.  39"  tlie  moon's  horary  motion 
in  longitude,  and  erect  the  perpendicular  a:j/  =  5l'.  15"  (the  moon's  latitude 
decreasing  1'.  35"  in  an  hour),  draw  tlie  right  line  LvyM^  and  it  will  represent 
the  moon's  orbit,  and  vy  its  horary  motion  in  it ;  at  the  point  ^^  mark  4A».&;,  and 
ty  representing  one  hour,  divide  LM  into  lK)urs  from  it,  and  subdivide  it  as  far 
as  the  scale  will  permit ;  and  taking  an  extent  of  compass  equal  to  16'.  16"  tlie 
moon's  semidiameter,  it  will  give  the  points  c,  d  corresponding  to  the  time  of 
Immersion^  and  the  points  5,  /  corresponding  to  the  time  of  Emersion  ;  and  tlie 
corresponding  nearest  distance  is  found  to  be  nearly  2'  north  of  tlie  moon's 
center.. 

603.  When  an  occultation  of  a  star  by  the  moon  takes  place,  for  three  or 
four  seconds  of  time  before  the  star  disappears,  it  sometimes  appears  to  be 
projected  upon  the  disc  of  tlie  moon ;  M..  du  Sejour  explains  the  phaeriomenon 
thus..    Let  S  be  the  star,  bmn  the  moon,  abc  the  passage  of  a  ray  of  light  tiirough     fig. 
tlie  moon's  atmosphere,  and  just  passing  by  the  limb  of  the  moon  at  b;  let  cJ^     1*7.» 
be  the  direction  of  the  ray  after  it  emerges  from  the  atmosphere,  and  produce 
Ec  to  s.     Then  to  an  eye  at  E  the  star  would  appear  at  s;  but  at^  the  same  time 
3  ray  of  light  from  the  moon's  limb  at  b  would  be  refracted  through  be  and 
tlien  move  to  E  and  appear  also  at  s;  thus  when  tlie  ray  of  light  which  comes  < 
from  the  star  becomes  a  tangent  to  the  moon,  the  star  at  that  time  appears  also 
to  be  in  contact  with  the  moon.     The  refraction  of  the  atmosphere  alone  there- 
fore is  not  sufficient  to  account  for  this  pha^nomenon,  as  some  Astronomers 
have  supposed.     But  if  the  light  from  the  star  suffer  a  different  degree  of  re- 
fraction-  from  the  solar  light  refracted  from  rf,  for  instance,  if  the  star  be  higher   . 
than  the  center  of  the  moon,  and  the  refraction  of  the  light  fi'om  the  moon  be 
greater  than  the  refraction  of  the  light  from  the  star,  the  point  b  being  elevated 
by  refraction  more  than  the  star,  the  star  will  appear  upon  the  moon's  disc  be- 
fore the  occultation  takes  place.     Or  the  same  would  happen  if  the  star  were 
lower  than  the  moon'^  center,  and  the  refraction  of  the  light  from  tlie  star  the 
greater.     From  the  different  colours  of  the  light  from  different  stars,  he  thinks 
we  may  admit  different  degrees  of  refraction  of  their  light.     The  irradiation  of 
tlie  light  of  the  stars,  by  which  some  have  conjectured  they  might  appear  to 
encroach  a  little  upon  the  moon's  limb  before  they  disappear,  would,  he  ob- 
serves, affect  all  stars  and  at  all  altitudes ;  whereas  this  circumstance  does  not 
always  take  place.     He  states  however  this  objection  to  his  hypothesis,  that  the 
aberration  of  light  from  all  the  stars  appears,  from  observation,  to  bc.the  same,  andi 
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therefore  the  velocities  of  their  light  must  be  all  equal ;  consequently  the  light 
from  an  the  stars  si^rs  the  same  refraction,  admitting  that  the  refraction  de- 
pends altogether  on  the  velocity  of  the  light.  But  there  have  been  only  a  few 
stars  whose  aberrations  have  been  determined  by  observation,  and  we  are  not 
assured  but,  in  some  stars,  a  difference  in  their  aberrations  might  be  found ; 
future  Astronomers  may  settle  this. 

604..  Lunar  ecUpses  are  useful  for  finding  the  longitudes  of  places;  solar 
eclipses,  and  occultations  are  useful  for  tlie  same  purpose,  and  also  for  correct- 
ing the  errors  on  the  lunar  TaUes.  All  these  things  will  be  explained  when  we 
treat  on  the  methods  of  finding  the  longitude* 
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ON  OCCULTATIONS  OF  THE  PtANETS,  &C.  MS 

605.  Sometimes  the  planets  are  eclipsed  by  the  moon,  the  calculations  of 
which  are  made  in  the  same  manner  as  for  tlie  sun,  or  a  fixed  star ;  considering 
the  relative  horary  motion  of  tlie  moon  in  respect  to  the  planet,  in  latitude  and 
longitude,  in  order  to  get  th^  relative  orbit. 

606.  The  planets  sometimes  eclipse  the  planets.  Mar$  eclipsed  Jupiter^  Ja- 
nuary 9,  1501 ;  Venm  eclipsed  Mars^  October  3,  1590 ;  Mercury  was  eclipsed 
by  Venus  J  May  17,  1737. 

607*  The  fixed  stars  are  sometimes  eclipsed  by  the  planets.  Gassendus  ob- 
served Jupiter  eclipse  a  fixed  star  in  the  foot  of  Gemini^  December  19,  1633. 
Mr.  Pound  observed  Jtfpifer  eclipse  «  of  Gemini^  November  21,  1716,  tlie 
middle  of  the  eclipse  was  at  I9h.  55^.  Phil.  Trans.  No.  350.  In  1672,  Alars 
eclipsed  one  of  the  stars  in  Aqtuirius.  Venus  eclipsed  the  Lion^s  Hearty  in  1 574, 
and  1598.  The  fixed  stars  are  also  observed  to  be  sometimes  eclipsed  by 
Comets  ;  which  are  very  usefiil  observations,  as  they  ser\'e  to  ascertain  very  ac- 
curately the  place  of  the  comet. 
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time  C3(f  conjunction,  in  which  case,  if  it  be  less  than  the  apparent  semidiameter 
of  i\\e  sun,  iltieve  will  be  i' tfarisit  dftKe planet  oVer  the  sun's  disc ;  and  wfe  tdij 
determiii'e  the  pe^bd^  whert  sucW  cfdrtjtin  happen,  in  thfe  following  man* 

ner.  I-et  P=:  the  periodic  time  of  the  earth,  p  that  of  Venus  or  Mercury. 
Now  that  a  transit  may  happen  again  at  the  same  node,  the  Mtth  must^rfohn 
a  certain  number  of  complete  resolutions  in  the  same  time  that  th6  planet  pd5 
forms  a  cettain  number,  fof  then  they  must  come  into  conjunction  agiaiti  Utiiik 
sj^me  point  of  the  earth's  orbit,  or  nearly*  in  the  sAme  position  in  respect  fe^^the' 
node.  Let  the  earth  perform  or  revolutibns  whilst  the  planet  perfontis  ^  revo- 
lutions; then  will  Fx-jjy^  therefore  -  =  -2.    Now  P=:  365,256,  and  for  Mer- 

y     tr 

ctcn/j  ;>  =z  87,968  i  therefore  -=i^  =  _ii! — =  (by  resolving  it  into  its  conti- 

nual  fractions)  i,.  ^,   ^,   i?,   ^^,  ^,  &c.     Tliat  is,  1,  6,  7,  13,  33, 

46,  kc.  reyolutioni  of'the  earth  are  nearly  equal  to  4,  25,  29,  54,  137,  191, 
&c.  revolutions  or  BJterciiry,  appi'oaching  nearer  to  a  s^te  of  equality,  the  fiir- 
tlier  you  go.  ITie  first  .period,' or  that  of  one  year,  is  not  sufficiently  exact; 
the  period  o?  six  yearti  will  sbihetittles  bring  on  a  return  of  the  transit  at  the 
srnne  node ;  that  of  seven  years  more  frequently ;  that  of  13  years  still  mori;  fre- 
quently, and  so  on.  .  Now  there  was  a  transit  of  Mercury  at  its  descending 
node,  in  May  1786;  hence,'  by  continually  adding  6,  7,  IS,  S3,  46,  &c.  to 
it,  you  get  all  the  years  when  the  transit  may  be  expected  to  Happen  at  that 
node.  In  1789  there  was  a  transit  at  the  ascending  node,  and  tlierefbre  by 
adding  the  same  numbers  to  that  year  you  will  get  the  years  in  which  the  tran- 
sits may  be  expected  to  happen  at  that  node.  Tlie  next  transits  at  the  descend- 
ing node  will  happen  in  1799,  1832,  1845,  1878,  1891  ;  and  at  the  ascending 
node,  in  1802,  1815,  1822,  1835,  1848,  1861,  1868,  1881,  1894.  For  fV 
oo^  ^     u  ^      P     224,7  8       235        713     «  m        ^         • 

fiitf,  p  =  224,7;  hence  -=X= • — = — »  >  x*  &c.     Therefore  the 

'  ^  '  y     F     365,256     13     382'    1159 

periods  are  8,  235,  713,  &c.  years.     The  transits  at  the  same  node  will'there- 

fbre  sometimes  return  at  8  years,  but  oftener  in  235,  and  still  oftener  irf  713, 

&c.     Now  in  1769  a  transit  happened  at  the  descending  node  in  Juhe,  arid  the 

next  transits  at  the  same  node  will  be  in  2004,  2012,  2247,  2255,  2490,  2498, 

2733,  2741  and  2984.     In  1639  a  transit  happened  at  the  ascending  node  in 

November,  and  the  next  transits  at  the  same  node  will  be  in  1874,  1882,  2117^' 

2125,  2360,  2368,  2603,  2611,  2846  and  2854.     These  transits  are  found  to 

happen,  by  continually  adding  the  periods,  and  finding  the  years  when  tliey  ^ 

may  be  expected,  and  then  computing,  for  each  time,  the  shortest  gieocentric 

distance  of  Venus  from  the  sun's  center  at  the  time  of  conjunction,  and  if  it  be 

less  tlian  the  semidiameter  of  the  sun,  there  will  be  a  transit. 
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To  compute  the  Time  of  the  Transit \qf^(evi,m  or  Mercury  wer  tl^  Sun^s  iisc^ 
and  the  Duration  thereqfj  to  a  Stpeo^of^  at  the  oentef^^  flf.^  ^fl^^r 

611.  Let  A  and  P  be  two  p^la^et^ip  pqi^juifctiop.^  JPa,  AQy  their  cotetnpo*     pio. 
rary  motions  parallel  to  the  ecliptic^  ai)(i  ^fft^  QU  pjeg^endicvilar  to  it,  then  P5,     148. 
^ A  will  be  their  real  motions;  take  J7•=;P^l,  an47r^  =  a^. and  perpendicular 
to  AQ;  draw  st  parallel  to  y^Q,  and  join  sJRy  then  sR  will  be  the  relative  mo- 
tion of  A  seen  from  P.     JFqr.tiieir,  jeL^tive  motions  in  any  directions  must  al- 
ways be  the  sum  or  difference  of  their  real  motions  in  those  directions,  accord- 
ing as  they  move  in  different  or  in  the  same  directions.    In  this  figure,  we  have 
supposed  them  to  move  in  the  same  direction,  an^d  Rt  is  the  difference  of  their 
real  motions  in  latitude,  and 7^  in  longitude  ji  and  by  Trigonometrj'^,  ts  :  Rt:: 
rad.  :  tan.  Rst^  the  inclination  of  the  relative  orbit  described  by  A;  also,  cos. 
jR^^  :  rad. ::  st  ;  sR  the  cotemporary  motion  in  tlie  relative  orbit.     If  we  apply 
this  to  the  sun  and  Venus,  and  AQ  represent  the  horary  motion  of  Venus  in 
longitude,  Wr  that  of  the  sun,  and  QR  the  horary  motion  of  Venus  in  latitude  ; 
then  tlie  sun  having  no  motion  in  latitude,  vR  is  the  relative  .qfiotioh  of  Veniis 

in  respect  to  the  sun ;  hence,  Qr  :  QR ::  rad.  :  tan.  RrQ^  and*  cos.  RrCl :  raiiJ 

y.rQ.Ur.  .-.'.<  ^>.•n,i  .•^, 

Ex.  On  July  3,  1769,  at  mean  .noon  at  Greenwich^  the  lohgitji^e  bf  the 
earth  was  8%  13%  3V  14",8,  and  that  of  Venus  8*.  12%  47'.  53';7,  tlie  differeiic^' 
of  which  is  15'.  2l"j.the  horary  motion  of  the  sun  (by  the  Tables)  was  143",46; 
the  distance  of  Venus  from  the  sun  was  0,72626  j  hence  (234),  the  horary  ino- 
tion  of  Venus  in  longitude  was  237'',96 ;  therefore  the  difference  94%5  is  the  re- 
lative horary  motion  of  Venus  in  respect  to  the  earth  in  longitude ';  hence, 
94',5  :  15'.  21"::  1  hour  :  9//.  44'.  45';  therefore  the  conjunction  was  oh  June' 
3,  at  9/i.  44'.  45"  mean  time,  at  which  time  the  longitude  of  the  earth  was  '8*.' 
1 3%  27'.  1 6".   The  heliocentric  latitude  of  Venus  was  also  found  (by  the  Tables) 
to  be  6'.  27'  north  decreasing,  and  its  horary  motion  in  latitude  14",06;  hence, 
1  hoiu-  :  9A.  44'.  45"::  14%06  :  2'.  17%  which  subtracted  from  6'.  27"  leaves  4'. 
Id*  the  heliocentric  latitude  of  Venus  at  the  time  of  the  ecliptic  conjunction. 
The  distance  of  the  earth  from  the  sun  was  1,01521 ;  therefore  the  distance  of 
Venus  from  the  earth  was  0,28895,  the  mean  distance  of  the  earth  from  the  sun 
being  unity,  hence,  0,28895  :  0,72626::  4'.  10"  :  10.28"  the  geocentric  latitude 
of  Venus  at  the  ecliptic  conjunction,  which  being  less  than  the  seraidiameter 
of  the  sun,  there  must  be  a  transit  of  Venus  over  the  sun  at  the  center  of  the 
earth,  and  consequently  somewhere  upon  the  surface ;  we  have  therefore,  in 
this  case,  no  occasion  to  compute  the  shortest  distance  of  Venus  from  the  cen- 
ter of  the  sun,  in  order  to  determine  whether  there  will  be  a  transit.     Also, 

I 
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0,28895  :  0,72626 ::  94'',5  :  3'.  57%52  the  geocentric  horary  motion  of  Venus 
from  the  sun  in  longitude;  and  0,28895  :  0,72626::  14'',06  :  35^^42  the  geo- 
centric horary  motioVi  bf  Vetous  ih  latitude. 
no.  Now  let  the  circle  DOK  represent  the  sun,  C  its  center,  DCN  the  ecliptic  J 
!**•  and  on  CO  {perpendicular  to  Dfci*3  take  CV- 1<^.  S\  and  Kis  the  apparent 
place  of  Venus  in  conjunction ;  and  let  SVN  represent  the  orbit  of  Venus  as 
seen  from  the  earth.  Now  the  geocentric  horary  motion  of  Venus  from  the 
aun  in  longitude  is  S'.  57V2,  and  the  geocentric  horary  motion  of  Venus  in  la^ 
titude  is  S5'',42;  hence  (611),  3'.  57V2  :  35%42::rad.  :  tan.  of  8°.  28'.  54* 
the  inclination  of  the  relative  orbit  to  the  ecliptic ;  draw  therefore  SFNmBUdog 
the  angle  CVN  =81^  31'.  6 ",  and  SVN  will  be  the  apparent  path  of  Venus  seea 
firom  the  earth.  Draw  CM  perpendicular  to  SE  and  it  will  bisect  it,  therefore 
M  is  the  middle  of  the  transit.  Now  as  CV  =  10'.  28",  and  the  angle 
VCMzz  8°.  28'.  54%  we  have,  rad.  :  sin.  8^  28'.  54"  ::  10'.  28r  :  VM^ 
1'.  33". 

The  horary  motion  of  Venus  in  its  relative  orbit  is  found  (611)  by  sayingt 
cosine  of  inclination  8^  28'.  54 "  :  rad. : :  3'.  57",52  (the  diflference  of  the  horaiy 
morons  of  Venus  and  the  sun  seen  from  the  eartli  in  longitude)  :  4'.  0*,15  the 
faor^y  motioa  in  its  relative  orbit  SN.  Hence,  4'.  0\IS  :  1'.  33*::  1  hour  : 
23'.  .14"  the  time  of  describing  VNy  which  added  to  9h.  44'.  45",  gives  lOA.  7'. 
59"  for  the  middle  of  the  transit. 

In  tlie  triangle  VCM,  rad.  :  cos.  ^Cil/=8^  28'.  54"::Cr=10'.  28"  :  CM 
zrlOf.  21"  the  nearest  distance  of  Venus  from  the  sun's  center;  hence,  in  the 
trian^e  SCM^  CMzzW.  21",  and  50=15'.  46",  therefore  SM=i  ll\  5S%6  to 
find  the  time  of  describing  which,  say,  4'.  0",15  :  1  hour : :  Sil/=  1 1'.  58*,6  : 
2A.  58'.  24"  the  time  of  describing  SMy  which  subtracted  from  10*.  7*.  59",  the 
time  when  Venus  was  at  My  givea  7*.  9'.  35"  for  the  Beginningy  and  added, 
gives  1  Sh.  &.  23"  for  die  Endy  mean  time,  according  to  tlie  Tables.  The  efiect 
of  the  menstrual  parallax  has  not  been  here  considered,  as  it  is  in  the  following 
calculations,  it  being  so  extremely  small,  compared  with  the  errors  to  which 
the  Tables  are  subject. 

In  the  transit  of  Mercury y  the  variation  of  its  distance  may  be  so  great  be- 
tween the  tinies  of  the  ingress  and  egress,  as  sensibly  to  aflfect  its  geocentric 
motion,  and  thereby  Vender  it  necessary  to  be  taken  into  computation.  M.  de 
PIsle,  in  calculating  the  transit  of  Mercury,  on  November  7,  1756,  found  that 
tiie  true  middle  of  the  passage  was  altered  1 1'',5  by  this  circumstance,  so  thai 
HB  was  performed  in  23"  less  time  than  AD. 
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-4  j^7(rti?  Method  qf  computing  the  Effect  qf  Paralkuc^  in  accelerating  or  retard' 
ing  the  Time  qf  the  Beginning  or  End  qf  a  Transit  qf  Venus,  or  Mercury  ewer 
the  Sun^s  disc.     By  Nevil  Maskeh/ne,  D.  D.  F.  R.  S.  and  Astronomer  Royal. 

612.  The  scheme  here  given  relates  particularly  to  the  transit  of  Venus  over 
the  sun  which  happened  in  1769.  Let  C  represent  the  center  of  the  sun  iQ,  ^^®» 
P  the  celestial  north  pole  of  the  equator,  S  the  south  pole,  PCS  a  meridian  ^^^* 
passing  through  the  sun,  Z  the  zenith  of  the  place,  ADB  » the  relative  path  of 
Venus,  esr  being  the  relative  place  of  the  descending  node,  A  the  geocentric 
place  of  Venus  at  the  ingress,  B  at  the  egress,  and  D  at  the  nearest  approach 
to  the  sun's  center,  as  seen  from  the  earth's  center,  and  o  the  apparent  place  of 
Venus  at  the  egress  to  an  observer  whose  zenith  is  Z  ;  draw  omZ,  and  u  is  the 
true  place  of  Venus  when  the  apparent  place  is  at  o,  and  «/o  is  the  parallax  in  alti- 
tude of  Venus  from  the  sun;,  and  the  time  of  contact  will  be  diminished  by  the 
time  which  Venus  takes  to  describe  uB;  draw  ridhonE  parallel  to  -4 -B,  meeting 
ZB  produced  in  £,  and  J5n,  Ari  tangents  to  the  circle,  and  let  ChD  be  perpen- 
dicular  to  AB.  Now  the  trapezium  uoEBy  on  account  of  the  smallness  of  its 
sides,  may  be  considered  as  rectilinear,  and  from  the  magnitude  of  Z-B  compared 
with  Buj  BE  maybe  considered  as  parallel  to  tto,  and  consequently  wo£J5  may 
be  considered  as  a  parallelogram,  and  therefore  Eo  may  be  taken  equal  to  Bu. 
Now  Eo  =  En  +  no,  according  as  E  falls  without  or  within  the  circle  LQ  of  the 

sun's  disc ;  and  by  Trigonometry,  En  :  EB : :  sin.  EBn  =  cos.  CBZ  :  sin.  BnJS 

=  sin.  BCD = COS.  CBD  ;  hence.  En  =zMjLS^^^;  and  (by  Euclid)  no  = 

cos.  LyJjU 

Bn*      Bn* 

r  =-TTr  very  nearly;  but  Bn  •  BE::  sin.  B En ^ sin.  ZBD  :  sin.  BnEzzco^^ 

no       AB        ^  "^ 

CBD,  therefore  Br^J^Kl^^L^^,  hence,  no  =^^1^^!^.*.      Put 

cos.  CBD  AB  X  cos.  CBD* 

A = horizontal  parallax  of  Venus  from  the  sun;  and  (154)    BE:=ih  x  sin.  Zo 
=Ax8in.Zi?;  hence,«B==oie==i;«  +  «)=  AjlilHlJ£4^^l^^+  A>  x 

r-J  COS.  CBD  ~ 

sin.  ZB*  X !!?--:?^-^*  _  =  A  X  sin.  ZB  x    cos.  CBZ  x   sec.  CBD  + 

BA  X  COS.  CBD*  - 

A'  X  sin.  ZB'  X  sin.  ZBD*  x  sec.  CBD\     ^^  /'rjthetime which  Veniis takes, 

AB 
by  its  geocentric  relative  motion,  to  describe  the  space  h  ;  to  find  which,  let  m 
be  the  relative  horary  motion  of  Venus;  then,  m  :  A::  1  hour  =  3600" ;  ^"= 
Ax  3600* 


m 


•    Hence,  to  find  the  time  of  describing  uB,  we  h«ye,  h:hx nn. 
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ZBx  COS.  CBZxsec.  CBD  +  ^  ^  ""•  -^-^IA.^!"'  ggiL^gglggg!  :;/:  /x 

sin.  ZB  X  COS.  C5Z  X  sec.  r-R n  +  <  x  ^^  x  «"♦  ^^'  x^"»  ^^^'  x  see.  CBD*  ^^ 

time  of  describing  w/J,  or  the  effect  of  parallax  in  accelerating  or  retarding  the 
time  of  contact ;  the  upper  sign  is  to  be  used  when  CBZ  is  acute,  and  the 
lower  sign  when  it  is  obtuse.  If  CBZ  be  very  nearly  a  right  angle,  but  obtuse, 
it  may  happen  that  nE  may  be  less  Uian  no,  in  which  case,  nE  is  to  be  takoi 
from  noj  according  to  the  rule.  The  principal  part  nE  of  the  effect  of  paral- 
lax will  increase  or  diminish  the  planet's  distance  from  the  sun's  center,  ac« 
cording  as  the  angle  ZBC  is  acute  or  obtuse  ;  but  the  small  part  no  of  parallax 
will  always  increase  the  planet's  distance  from  the  center ;  take  therefore  the 
sum  or  difference  of  the  effects,  with  the  sign  of  the  greater,  as  to  increasing  or 
decreasing  the  planet's  distance  from  the  center  of  the  sun.  Otherwise 
state  the  rule  thus  :  Take  the  sum  or  difference  of  nE  and  no^  according  as 
ZBC  is  acute  or  obtuse,  and  the  distance  of  the  planet  from  the  sun's  center 
will  always  be  increased  in  the  first  case  and  diminished  in  the  second,  except 
ZBC  being  obtuse,  and  near  80"^,  nE  shall  be  less  than  no,  and  then  the  distance 
from  the  sun's  center  will  be  increased  by  the  difference.  If  ZBC  be  acute,  the 
part  nE  will  retard  tlie  ingress  and  accelerate  the  egress;  but  if  ZBC  be  obtuse, 
the  part  nE  will  accelerate  the  ingress  and  retard  the  egress.  In  like  manner, 
the  parallax  affects  the  time  of  the  planet's  coming  to  any  given  distance  from 
the  sun's  center  before  or  afler  the  middle  of  the  transit.  The  second  part  of 
the  correction  will  not  exceed  9"  or  id'  of  time  in  the  transits  of  Venus  in 
1761  and  1769,  where  the  nearest  approach  of  Venus  to  the  sun's  center  was 
about  10'.  In  the  transits  of  Mercury ^  the  first  part  alone  will  be  sufficient, 
except  the  nearest  distance  be  much  greater. 

Calculation.     As  /  x  sec.  CBD  is  a  constant  quantity  for  the  same  transit, 

find  its  logarithm,  and  it  will  be  constant;  and  as  ^ ^        ^^^'  CBD*  ^^  ^^  ^^^^ 

AB 

stant,  find  its  logarithm,  and  you  get  a  second  constant  logarithm.  Then  to  find 
the  first,  or  principal  effect  of  parallax  in  time,  to  the  Jirst  constant  logarithm, 
add  the  log.  sine  of  the  zenith  distance  ZBy  and  the  log.  cosine  of  CBZy  and 
the  sum  is  the  logarithm  of  the  first  part  of  the  effect  of  parallax  ;  and  to  the 
second  constant  logarithm,  add  twice  the  log.  sine  of  the  zenith  distance  ZB^ 
and  twice  the  log.  sine  of  ZJ5Z),  and  the  sum  is  the  logarithm  of  the  second 
part  of  the  effect  of  parallax. 

613.  From  the  Tables  of  the  sun's  motion,  the  distance  of  the  sun  from  the 
earth  at  the  time  of  the  transit  was  1,015214,  the  mean  distanro.  holncr  unitv; 
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and  the  son's  horary  motion  was  J^8''.457,  ifncorrected  by  the  effect  of  the 
menstrual  parallax.  From  the  Tables  6f  ttie  motidh  W  Venus,  ihedistfinCi^^ 
Venus  from  the  sun  was  0,7262648,  its  mean  distance  being  0,72333,  and  its 
meatrhoritry  motiob'^s'  240",925  j  hence  j[23S)^  its  true  heliocentrio^rary 
motion  was  238%381.      1' 

.    614.  To  explain  the  ^ct  of /the  mi^nstruftl^pai:$ma;x9  \(tf:,  S  be  the  sun,  tm     fig. 
ihe  earth's  orbit,  C  the  ff^pter  of  gravity  of  the  eart|i. JE  and  moon  My .  MW    I'SO. 
the  orbit  of  the  moon,  af\^  Eu  tlie  qrl^it  of  the  earth,  which  each  describes 
about  their  center  of  gray^^y,>CV  whilst  ti^aj:^  center  describes  the  orbit  vw;  join 

iSC,  aSJS,  and  on  iS^£  let  ^  jtljer  p^vP^^^  ^^^  ^^  ^"S^^  ^^(^  ^^  the 

menstrual  parallax,  whic^  s^.^  ma^muw^  or  when  CE  is  perpendicular  to  CS,  is 

7",1,  the  sun  and  mqpu^bei|igjat  their  i;nean.  di/sf^pcj^S)  v}e^  th^  former  be  repre- 
sented by  unity^  and.J^.^^fthe  mean  distance  of  Ijhe.  qioon.     Then  CE  :  Ca 

V.  7%1  :  CSE:=H\l  X  f^;^ty\  x  sin.  elong.  c  fiiom©  when  the  sun  and  n)oon 
are  at  their  mean  distai^C|5s^  but  CSE  must  vary  inversely ^  as  the  distance  of  th? 
tun;  hence,  CS  :  1  ri^^^jliftJoin.  elong.  ;  CSEzzYA  x  ?!"'  ^'^"^%  afc  Any  Ai^ 
lance  CS:  also,  liy  varying  C£,  the  angle  CSE  miist  vary  in  proportM;''  liuf 

CB  varies  a^OMfi  hfence,*,m  :  CM::  7",!  x  ■    ■^\^.  ^'  :  GSEF:7"jlxun,,^ong. 


.o*    .   ■■" 


{because  the  hor.  parallax  of  ^  varies  inversely;  ^  ,its\  distaace) 


CSxm 

7",1  X  sin.  elong.  >l^.  i^.  i^^'  P^^*.  ^  i  hence,  the  increment  of  this  angle  (the 

CA'  X  hor.  par.  € 

angle,  itself  pnly  being  supposed  variable)  =  7",!  x  elong.  x  cos.  elong,* 

^  7TI7 — c — ^S— ^ —  ;  but  in  an  hour,  elong.Bhor.  mot.  c  —  hor.  mot.  ©  =i!fiF»} 
C6  X  hor.  par.    c '  »         ©  > 

hence,  the  horary  motion  of  the  menstrual  par.  of  ©  in  LoiigUude  =^^  ylxTl 

^  ^  ^1  mean  h.or.  par,   c    .  .  . 

X  ton.  elong.  x.;r  Ur  tlnr'  ^^'-  '  '         ' 

.  Co.  X  nor.  par.   c 

615.  To  find  the  menstrual  horary  motion  in  latitude,  let  rCti;  ifepr^^nimi 

ecliptic,  E  the  eartn,  M  the  moon,  C  their  center  of  gravity,  and  Ev  perpen-     isi. 

dicular  to  Cv ;  then  CE  :  Ev::1'\l  :  Tyl  x-^-T'yl  xsin.  <i  's  lat.  which  is 

the  sun's  latitude  at  the  mean  distances  of  the  sun  and  moon;  and  if //nithe 
moon's  horary  motion  in  latitude,  by  proceeding  as  before  we  get  the  ho- 
rary  motion  of  the  menstrual  parallax  in  latitude  =  7",1   x  cos.  lat.   d    x  h   x 

•       .  .        . 

*  Because  bid.  :  arc  :s  cos.  :  red.,  therefore  sin.  ss^arc  )<cof.j  the  radius  being  unity. 
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^meanhor.  panj ^^^  ^.jj  ^^  ^^^^  ^^^^         as  the  (t  moves  in  latitude. 

©  *8  dist.  X  nor.  par.  €  '' 


7",! log.  0,8513 

56'.  59'  ...         -         log.  sin.  8,2194 

61.  23  -        -        -        co-ar.  log.  sin.  1,7476 

35.  54,3  .         .         ^         .     log.  sin.  8,0149 

1,015214  .         -          -        co-ar.  log.  9,9935 


0^,067 1  hor.  mem.  par.  o  in  Long.  8,8266 


7',1 log.  0,8513 

56'.  59^*         .         .         •         ^        log.  ^n.  8,2194 

61.  28         -        -        -         co-ar » log.  sin.  1,7476 

3.  22,5         ....       log.  sin.  6,9920 

1,015214         ...  co-ar.  log.  9,9935 


0,0064  hor.  men.  pan  ©  in  Lat.        -  8,8038 


Hence,  the  sun^s  true  horary  motion  in  longitude  is  143'',524s 

?iG.         616.  Let  C  be  the  sun,  C  q  P  »  a  semicircle  in  the  plane  of  the  orbit  of 
152.     yenusj  G  Q  ts  a  semicircle  in  the  plane  of  the  ecliptic ;  F  the  place  of  Venus, 

and  draw  Pd  perpendicular  to  O  C  a ,  and  Pe  perpendicular  to  the  plane  a  Q  8 , 

and  join  ed  ;  now 

Rad  :  cos.incl.  ?  *sorb. ::  Pd  :  efe::  tan.PCt5  :  tsm.eCis  =:tan.PCiy  x  cos^incL 


Take  the  increments,  and  we  get  eCtS  =iPCts  x  cos.  incl.  x  sec.  PC^*x 
cos.  eC  ^  *,  because  the  increment  of  the  tangent  of  an  angle =increm.  arc  x 
sec-%  radius  being  unity*    Also,  PC  :  Pd  ::  sin.  Pefesinclin*  ;  8in»  PCc  =: 
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helioc.  lat.  of  ?  ;  but  PC  :  Pt!::  rad.  :  sin.  P  ^  or  PC^ ,  iJierefore  rad.  :  sin. 
PC  »  ::  sin.  inclin.  :  sin.  kt.  PC3^=Bin.  incl.  x  sin.  PCe*    Take  the  incre- 


ments, and  we  get  PCe=:PC&  x  cos.  PCts  x  sec.  PCe  x  sin.  3**.  23'.  20". 

617.  Let  5  be  the  sun,  T,  F,  two  cotemporary  places  of  the  earth  and      fig. 
Venus }  and  after  a  small  space  of  time  let  u  and  X  be  their  cotemporary  posi-     ^^3. 
tions,  the  place  u  being  affected  by  the  motion  of  the  earth  about  the  center  of 
gravity  of  the  earth  and  moon  during  the  intermediate  time;  then  uSX=:TSX 

—  TSuzzheL  mot.  5  in  long.  —  hel.  mot. ©in  long,  including  the  change  of  the 
menstrual  parallax;  hence,  w5X(theapp.  hel.  mot.    ?  from  e  in  long.)  : 
SuX  (the  app.  retrog.  geoc.  mot.  of  ?  from  0  in  long.) ::  Xu=:TV  :  SXzzSVl 
because  the  angles  being  small,  they  may  be  taken  ad  their  sines. 

618.  Let  aho  Te  be  the  motion  of  the  earth  in  a  small  space  of  time  from  pig. 
T  to  ^  perpendicular  to  the  plane  of  the  ecliptic,  and  Vu  the  corresponding  154. 
motion  of  Venus ;  where  the  motion  Te  is  that  aboitt  the  center  of  gravity  of 

the  earth  and  inoon  in  latitude.  Then  the  heliocentric  motion  of  Venus  from 
the  earth  in  latitude  =  VSu  +  TSe  (the  figure  being  adapted  to  the  circumstances 
of  the  transit  in  1769.) 

619.  Let  VSd  be  the  heliocentric  motion  of  Venus  from  the  earth  in  longi-     ffg. 
tude  (=iuSX  in  Art.  6170>  '^^  being  perpendicular  to  the  SV;  and  let  dSo  be      156. 
the  heliocentric  motion  of  Venus  from  the  earth  in  latitude  (:=:uSe  in  Art. 
618),  od  being  perpendicular  to  the  ecliptic ;  then  the  hypothenuse  Vo  will  be 

the  apparent  heliocentric  patii  of  Venus  relative  to  the  earth,  supposed  to  be 
at  rest ;  and  oVd  will  be  the  angle  which  Venus's  apparent  heliocentric  motion 
from  the  earth  makes  with  the  ecliptic,  or  which  is  the  same,  the  angle  which  its 
apparent  geocentric  motion  from  the  sun  makes  with  the  ecliptic.  Now  VSd 
(the  hel.  mot.  of  ?  from  e  in  long.)  :  dSo  (its  hel.  mot.  from  0  in  lat.)  ::  Vd 
:  do:: i^d.  :  tan.  oVd^ and  Vd  :  Vo:: rad.  :  sec.  oVd. 

620.  Lastly,  let  5,  T,  Fbe  the  centers  of  the  sun,  earth,  and  Venus,  and  TA  no. 
=thesemidiameter  of  the  earth;  then  VA  =  VT  :  SV::AST  (=;  ©'s  hor.  par.)  157. 
}  SAV:^AVT''AST^ike  diff.  of  the  hor.  par.  of  ©and  ?  . 


Calculation  from  Article  616. 

Hel.  loi^.  ^  by  obs.  at  this  transit          -         8*.    4"".  35'.  35" 
Venus's  hel.  long,  at  mid.  of  transit         -        8.  1 3.  28.  1 3 


Arg.  of  S.  lat.  of  ?  ,  or  dist.  of  %  from  ^  5 )  q      ^      7    22 
it  being  so  much  short  of  it  as  seen  from  ©  )     * 
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rC»        =i*.    T.n'  .  .  log.  tan.  8,2922268 

P^<^  0  =S.  83.  SO  .  •  kg.  COS.  9,9992399 


<C«        si.    T.  15         •         •         log.  tan.  8,8914667 


lx$.  nXM  <«&  <C«  to  CW.  PC0         -         •        0,0000003 
L«.  xuio  of  ri>e  square       ...      -       0,0006006 


9,9992399 


\jttc.  cie.  ^.  tS,  M'       -       .         •         - 

M<1  *.ir.  »o«.  « i»  k««.  «S'.S81         .        log'  8^77272 

n<l  Kv.  MOC  t  OB  CCL  M7;9644  -         log.  2,37651 2 


^9vl^    7'.  M"        ...         log.  sin.  8,2921434 
*.©  =«.««•  SO         •  "  *         log.  sin.  8,7716814 


iV   eOk     S,  S9         '  -  -         log.  sin.  7,0638248 


»vthbiorwttla.i^=-^^o  xcos.  PCv  xsec.  PCfex  sin.  3°.  23'.  20' 


898',381 log.  2,377272 

3".  83'.  80* log.  sin.  8,7716814 

I.     7.  88 log.  COS.  9,9999166 


11,1488700 
i\     9^  S9 log.  COS.  9,9999997 


UVW87  bd.  mot  of  f  in  lat.  log.  i,i488703 
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Hel.  hor.  mot  $  red.  to  ecliptic  -  -        2S7",9644 

Hon  mot  ©,  including  effect  menst.  par.      -         14S9  S2^ 


Hel.  hor.  mot.  $  from  ©  in  long.  -  -  94, 4404 


CkUculationfrom  Article  618^  and  619. 


94%4404 log.   1,9751578 

Hel.  hor.  mot  $  in  lat.  14",0887 
e 0,0064 


?ie 14,0951  .         log.   1,1490682 


8^  29'.  19",17  Z  rel.  orb.  makes  with  eel.     -    tan.  9,1739104 


8''.  29'.  19%17       .        -        .        co^r.  log.  cos.  0,0047838 
94'',4404         -         .  .  .         •  log.   1,9751578 


95'',4864 app.  hel. hor. mot  sde  -  co*ar. log. cos.  1,9799416 


Calculation  from  Article  617^ 

95',4864         ....  .         log.  1,9799416 

Tr=0,288949        -  -         -        co-ar.  log.  0,5391787 

/Sfr=0,726265         .  .  .  .log.  9,861095 


S40r/)023  app.  geoc.  mot.  $  40  •         log.  2,S80215S 
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Calculationfirom  Article  620, 

Assume  the  sun^s  mean  horizontal  parallax  S^^SS,  agreeable  to  what  was  de- 
termined from  the  observations  of  the  transit  in  1761  j  see  the  Precepts  to 
MAYEE*a  Tables,  page  61  and  114, 


8%83 

1,015214  o'sdist.  from  e 

8%6985  hor.  par.  ©  on  day  of  transit 
Tr= 0,288949 
5F  =0,726265 

21^864  %  's  hor.  par.  d  ©during  tran»t 


log.  0,945961 
log.  O,006515 


log.  0,939446 

co-ar.  log.  0,539179 

log.  9,861095 


log.   1,339720 


To  find  the  apparent  time  taken  by  Venus  to  move  over  its  horizontal  paral« 
lax  from  tlie  sun. 


As  240'',0023  J  's  hor.  mot.> 
^©mean  time  in  rel.  orb.^ 

is  to  3600" 

so  is  1* 


co-ar.  log.  7,6197848 

log.  3,5563025 
log.  0,0000000 


to  14%g99gBT:ime  ?  takes  to) 
move  l''fi'om©ini«).  oi4>.> 

2l',864  hor.  par.  ?  4© 

827%95  mean  time  ?  moves) 
over  its  hor.  par.  from  ©  \ 


log.  1,1760873 
log.  1,339720 


log.  2,515807 


But  24  hours  of  apparent  time=:24A.  Cf.  10"  of  mean  time;  hence,  to  reduce 
the  mean  to  apparent  time. 


App.  finte  V4h:6.  y_8640 
Mean  time ""  24A.  ^'.  lo"  "*  8641 
327",95         .         •         .         . 


327^912  app.  time  ?  moves  over  7 
its  hor.  par.  a  © ,  which  put  =  A  5 


log.  0,000050 
log.  2,515807 


log.  2,515757 


.--S.*-:. 
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Time  of  obs.  oijirst  int  x 
cont.  at  Wardhus^  red*  tof  ^^  .w  ^^«»        txo  ^  •  .         .       h      .      . 

e's  center,  by  L^^  fori  ^  *  ^-  ^^^     '    ^  ^^^^^'^  »"*•  ^^°t-  ^5''-  ^^'    * 
mer  calculations      •      .     / 
Diftl  mer.  E.  of'  Greenwich    2.    4.  1 7  2.    4.  1 7 


App.  times  at  Grcjenwich       7.  36.  23 
O's  declinations  -  22^  25.  50  n. 

0's  dist.  PC  from  N.  pole  .67.  34.  10 
O  's  dist  SC  from  &  pole    112.  25.  50 


Angle  betw.  ecUptic  and  ^      7      r   go 

parallel  to  equator        5 
App.  incl.  9  's  reK  orb.?       g^  ^9.  19 

on  ©to  ecliptic  Cs  B  1 
Sum  =  ii  bet.  par.  to  equ.>     ^^    ^^    gg 

and  ?  's  rel.  orb.  PCD\ 


IS.  18.  47 

■ 

22°.  27.  35  N. 

67.  32.  25 

TIG. 

112.  27.  35 

158. 

6.  59.  27 

8.  29.  19 

15.  28.  46 

Otherwise^ 
LCP  L  of  ecL  and  mer.     -    82°-  54'.  40"  83^.  O'.  S3* 


Its  supp.  ^CP         -         -      97.     5.  20  96.  59.  27 

« CZ)  =  comp.  C  O  2)       -       81-  20.  41  81.  30.  41 

Diff.  =  PC2)  -         •         15.  34.  39  15.  28.  46 


621.  We  shall  take  the  difference  of  semidiameters  of  the  sun  and  Venus 
with  M.  de  la  Lande=15'.  15'',1,  which  is  what  he  found  necessary  to  reconcile 
the  total  durations  of  the  transits  in  1761  and  1769  with  the  motion  of  the  node 
of  Venus's  orbit  in  the  interval,  known  nearly.  By  some  calculations  of  this 
transit,  we  had  found  the  chord  described  by  Venus  over  the  sun  between  the 
two  internal  contacts,  reduced  to  the  center  of  the  earth,  to  be  =  1 368'',57. 
Hence,  the  semi-chord  is  684^285 ;  with  which,  and  the  difference  of  semidi- 
ameters of  the  sun  and  Venus  15'.  15",1  above-mentioned,  we  find  tixe  nearest 
approach  of  Venus  to  the  sun^s  center,  and  the  angle  which  Venus's  path  over 
the  sun  seen  from  the  center  of  the  earth  makes  with  tbe  radius  of  the  sun's 
disc  at  the  two  internal  contacts,  as  follows, 


-.  "t 
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aiS*,!  +684%285=  1599,285 
915,1-684,285=   230,815 


607*,587  =  10'.  7',587  =  CD 
915,1 


41°.  36'.  B\5=CAD=:CBD 


log.  3,2039531 
log.  2,3632640 

2)5,5672171 

2,7836085 
2,9614686 


log.  sin.  9,8221399 


/=327'',912 
CAD  =  41".  36'.  8" 

First  constant  logarithm 


log.  2,51576 
co-^u*.  COS.  0,12623 


2,64199 


f=327'>912 log.  2,51576 

2  X  co-ar.  cos.  CAD 0,25246 

A  =  21'',864 log.  1,33972 

4,10794 
^5=1368',57 3,13627 

5<»:on^  constant  logarithm        *        •        .        •        0,9717 

At  1st  int  cont.  At  23  int.  coot. 

7X:!P= angle  of  eel.  and  mend.  82°.  54'.  40"  83°.   d,  33" 

8  CP  its  supplement        -        97.     5.  20  96.  59.  27 

isCDsidCr 8°.  29'.  19"    -    -81.  30.  41  -81.  30.  41 

PCD=  '       ■    -  -  15.  34.  39  15.  28.  46 

ACD =90" -41".  36'.  8*       -       48.  23.  52  BCD  =  48.  23.  52 

Diff.  =  ^CP=  -  -  32.  49.   13       -        sum  £CP= 63.  52.  38 

Now  in  the  spherical  triangle  ACPj  there  is  given  ^C=15'.  15",  PC=G'f. 
34'.  10",  and  ^CP  =  32°.  49'.  13";  and  in  5CP,  there  is  given  PC=  15*.  15*, 
PC= 67°.  34'.  itf',  and  J5CP=63°.  52'.  38".  Let  Q  be  the  point  where  a  per- 
pendicular from  A  cuts  CP  ;  and  R  the  point  where  a  perpendicular  fix)m  B 
cuts  CP. 
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ACP  =  32°.  49'.  13" 
AC    =  O.   15.   15 


CQ    r=  O.   12.  49 
PC    =67.  34.  10, 


PQ    =67.  21.  21 
CPA=   0.     8.  57,4 


COS.  9,92447 
tan.  7,64700 


tan.  7,57147 


tan.  9,80953 


sin.  7,57150 


co*ar.  sin.  0,03484 


tan.  7,41587 


5CP  =  63°.  52'.  38" 
BC    =  O.   15,  15 


CR    =   O.     6.  43 
CP    =67.  34.  10 


COS.  9,64374 

tan.  7,64700 


-    tan.  7,29074 


WM«a 


PR   =67.  27.  27 
BPCsz  O.   14.  49,5 


tan.  10,30946 


sin.  7,29074 


co-ar.  sin.  0,03452 


tan.  7,63472 


Let  &11  the  perpendicular  PX  from  P,  upon  CA  produced. 


ACP=  32**.  49'.  13"   .    COS.    9,92447  -  tan.  9,80953 
CP    =  67.  34.  10    -  tan.  10,38427 


COS.  9,581567 


CX   =  63.  50.  23    •  tan.  10,30874  -  sin.  9,95307    •    co-ar.  cos.  0,355676 


CA    =     0.  15.  15 


AX  =   63.  35.     8 


P-4C=  147.     7.  21,6 


co-ar.  sin.  0,04788 


cos.  9,648224 


tan.  9,81048  PA^sr.  «i.  «  coh  9,585467 


VOL.  I. 
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Let  fall  the  perpendicular  P  Y  from  P,  upon  CB  produced. 


J3CP=63°.52'.  38" 
CP     =67.  34.   10 


cos.     9,643745 
tan.  10,384266 


tan.  10,309460 


COS.  9,581567 


CF    =46.50.47      tan.  10,028011     sin.     9,863039    -   co-ar.  COS.  0, 164971 


CB    =  O.  15.  15 


BY  =46.  35.  32 


PBC^lie.    1.  42 


co-ar.  sin.  0,138775 


COS.  9,837074 


.     tan.   10,31 1274  PJB=67^.27'.28"cos.  9,583612 


To  compute  the  effect  of  parallax  on  the  first  internal  contact  at  WardJms. 


2rPC=143*.32'.  39" 
APC=     0.     8.  57 

cos.  9,904588 
tan.  2,552118 

ZPA=:143.  23.  42 
Co-lat.    ZP=    19.  37.  25 

.      COS.  9,974014 

PN  =    15.  58.  21 
PA    —    67.  21    21 

tan.  9,456706 

-    co-ar.  COS.  0,017099 

■&    ^A         ^a*         ^'f.       AA.       ^  X 

m                             0 

4Z=:15S\  45".  6" 
part,  =  406",05 

AN  =    83.   19.  42 

COS.  9,065130 

ZA  =    83.  27.  51 

COS.  9,05624S 

ZA           -           . 

First  constant  logarithm 
From  the  next  operation,  C^ 

sin.  9,99717 

2,64199 

COS.  9,96942 

Acceleration  of  contact,  first 

2,60858 
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ZPA=:143f'.23'.  42" 
PN     -     15.  58.  21 
AN   =    83.   19.  42 

ZAP=^    11.  37.  44 
PAC=:  147.      7.  22 


tan.  9,870872 

sin.  9,439611 

co>ar.  sin.  0,002951 


tan.  9,313434 


ZAC=z  158.  45.    6}  hence  ZAC-CAD=z  117°.  8'.  SB'^ZAD. 


Second  constant  logarithm 
2  X  log.  sin.  ZA 
2  X  log.  sin.  ZAD 


0,972 
9,994 
9,898 


Retardation  of  contact,  second  part,  =  7'',S1  0,864 


Hence,  406",05-7'',31  =  398%74=6'.  38",74the  whole  effect  of  parallax  in 
accelerating  the  ingress. 


To  compute  the  effect  on  the  second  internal  contact. 


ZPC  — 
BPC^ 

1«8°.  8'.  51" 
0.  14.  50 

COS. 

tan. 
tan. 

ZPB  = 
Co-lat.    PZ  = 

127.  54.     1 
19.  37.  25 

9,788373 
9,552118 

PN   = 
PB    = 

12.  21.  15 
67.  27.  28 

9,340491 

BN   = 

79.  48.  43 

- 

ZB     = 

80.  10.  47 

• 

COS.  9,974014 


co-ar.  COS.  0,010174 


COS.  9,247678 


COS.  9,231866 


ZB 

First  constant  logarithm        -         -  . 

From  the  next  operation,  ZBC=  131^  sT.  48" 

Retardation  of  contact,  first  part,  =  287%05 


sin.  9,99859 

2,64199 

COS.  9,82238 

2,45796 
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ZFB  =  127^54'.     1" 
PN    sx=    12.  21.   15 
BN    =    79.  48.  43 

PBZz=z    IS.  36.     6 
PBC  =  116.      1.  42 


tan.  10,108749 

sin*     9,SS032O 

ccvar»  sin.    0/X>6902 


tan.    9,44597 


ZBC=  131.  37.  48;  hence,  ZBC-2)5C  =90^  l'.40''=ZB2>- 


Second  constant  logarithm 

2  X  log.  sin.  ZB  -  -  « 

2  X  log.  sin.  ZJBD        .  .  « 

Acceleration  of  contact,  second  part,  =  8%91 


0,972 
9,978 
0,000 

0,950 


Hence,  287^,05-  8",9l  =278",  14  =  4'.  38",14  the  whole  effect  of  parallax^  in 
retarding  the  egress.  Hence,  the  whole  duration  was  lengthened  11^  IS'sSS 
by  parallax. 

To  compute  the  effect  of  parallax  on  the  first  internal  contact  at  Otaheik. 

zsc^  s3^57^  o" 

CSA  =      O.     8.  57 


ZSA=z    34.     7.  57 

Co-lat.   ZS=    72.  30.  43 


COS.    9,917895 
tan.  10,501594 


SN   =    69.     9.  41 
S4     =  112.  38.  39 


tan.  10,419489 


N'A  —    43.  28.  58 


ZA    =    52.   11.  54 

ZA 

First  constant  logarithm 

From  the  next  operation,  Z^C=9^  45'.  27' 


COB.  9,477855 


co^r.  COS.  0,448871 


cos.  9,860686 


COS.  9,787412 


sin.  9,89770 

2,64199 

COS.  9,99367 


Retardation  of  contact,  first  part,  =  34 1^,48 


2,53336 
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ZSA=z34f.    f.ST 

SN  =69.     9.  41 
NA  =4S.  28.  58 


tan.  9,831152 

sin.  9,970619 

co-ar.  sin.  0,162325 


SAZ= 42.  38.     4 
SACzzSS.  52.  37 


tan.  9,964096 


ZACsz  9.  45.  27  J  hence  CAD^CAZ:s3l\  50'.  41*=:Z^i7. 


Second  constant  logarithm 
2  X  log.  sin.  ZA 
S  X  log.  sin.  ZAD 


Retardation  of  contact,  second  part,  =  l',63 


0,9717 
9,7954 
9,4446 

0,2117 


Hence,  the  ingress  is  retarded  S4l*,48  +  l",63=S43',ll  =  5*.  43",ll. 


To  compute  the  effect  of  parallax  on  the  second  internal  contact. 

ZSC=  48*.  32*.    O* 
CSB=:     O.   14.  50 

ZSB=  48.  46.  50         .         cos.    9,818849 
Co-Iat.  ZS=  72.  30.  43         .         tan.  10,501594        .         .      COS.  9,477855 

SN  =  64.  26.  44         •>         tan.  10,320443      -      C0>ar.  cos.  0,365151 
SB   =112.  32.  32  — — __ 

BN  =s  48.     5.  48 cos.  9,824696 

Z5  =  62.   16.  21 COS.  9,667702 

ZB sin.  9,94703 

l^ir^f  constant  logarithm -        2,64199 

From  the  next  operation,  CBZ  =  9°.  49'.  39"     .        -     cos.  9,99358 

Acceleration  of  contact,  first  part,  =  382',47        -        ■>        2,58260 

3 
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ZiS/;=48°.  46'.  50" tan.  10,057479 

SN  =04.  26.  44 sin.    9,955291 

^^^^=48.     5.  48  •         ..        -         -       CO-ar.  sin.    0,128268 


SBZ=5A>.     8.  39         .         .         .         .         .        tan.  10,141038 
SBC=:63.  58.   18  


CBZ—  9.  49.  39;  hence  CB^ +CJ3Z=  51°.  25*.  47'= ZB2). 


Second  constant  logarithm        -        -        .        .        .        0,9717 

2  X  log.  sin.  ZB 9,8941 

2  X  log.  sin.  ZBD 9,7862 


*MW 


Acceleration  of  contact,  second  part,  =  4'',49        -         0,6520 


Hence,  the  egress  is  accelerated  382>7  +  4>9  =z=  386^,96  =  6'.  26',96. 
Therefore  the  whole  duration  was  diminished  12'.  lO",©?* 

Tlie  total  duration  at  Wardhus  was  lengthened  by  parallax  11'.  16*,88,  and 
diminished  at  Otaheite  by  12'.  10",07;  hence,  the  computed  difference  of  the 
times  is  23'.  26",95 ;  but  the  observed  difference  was  23'.  10". 

622.  Hence,  the  correct  parallax  may  be  accurately  found  as  follows.  Be- 
cause the  observed  difference  of  the  total  durations  at  Wardhus  and  Otaheite  is 
23'.  10",  and  the  computed  difference,  from  the  assumed  mean  horizontal  pa- 
rallax of  the  sun  8'',83,  is  23'.  26",95,  the  true  parallax  of  the  sun  is  liess  than 
that  assumed.  Let  the  true  parallax  be  to  that  assumed  as  1  —e  to  1,  and  (612) 
the  first  parts  of  the  computed  parallax  will  be  lessened  in  the  ratio  of  1  —  e  :  1 ; 
and  the  second  parts,  in  the  ratio  of  1-e^*  to  1,  or  of  1  —  2e  to  1  nearly.  AU 
the  first  parts,  viz.  406",05;  287",05;  34l",48  ;  382%47,  in  all  =  1417",05, 
combine  the  same  way  to  make  the  total  duration  longer  at  Wardhus  than  at 
Otaheite.  As  to  the  second  parts,  the  effects  at  Wardhus  are  -  7",S  1  and— 
8",91,  and  at  Otaheite  are  +  l'',63  and  +  4^49,  in  all=-lO",10.  Therefore 
1417",05  X  flT^- 10",10  X  l-2<?=  1390"  the  excess  of  the  observed  total  dura- 
tion   at   Wardhus   above   tliat  at  Otaheite;    or    141 7",05  —  10",10— 1390'= 

14l7",05-20",20  X  e;  and  e=  J^gg^  =  0,0121.  Hence,  the  mean  horizon- 
tal parallax  of  the  sun  =  8  ",83  x  1  -0,0121  =  8",72316  j  and  /  corrected  = 
J327",912  X  1-0,0121=323,944,  whose  logarithm  is  2,510649;  and  the  log. 
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of  327",912-log.  of  323%944  =  2,515757-2,510469.  The  log.  of  the  ratio 
of  1  -e  or  0,9879  to  1,  or  323",944  to  327",912,  is  1,99471 ;  and  the  log.  of 
the  ratio  of  the  squares  of  these  quantities  is  1,9894 ;  or  the  correction  of  the 
Jirst  constant  logarithm  before  used  is— 0,00529,  and  that  of  the  second  con- 
stant logarithm  before  used  is  — 0,0106, 

We  shall  now  calculate  the  effects  of  parallax  over  again  at  Wardhus  and 
Otaheite,  by  means  of  these  correcting  logarithms. 
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First  internal  contact  at  Wardhus        -        -        9\  34'.  10",6 
Effect  of  parallax +6.34,0 


Reduced  to  the  earth's  center      -      «        -        9.  40.  44, 6 


Second  internal  contact      -        -        -        -     15**.  27'.  24",6 
Effect  of  parallax -4.  34,89 


Reduced  to  the  earth's  center    -        •        «      15.  22.  49, 71 


First  internal  contact  at  Otaheite        -        •    21''.  44'.     4^* 
Effect  of  parallax         -        ^        -        *        -         ^  5.  38, 93 


Reduced  to  the  earth's  center        •        •  21.  38.  25,07 


Second  internal  contact        •        •        .        -      3\l4'.    8" 
Effect  of  parallax +  6.  22,  22 


Reduced  to  the  earth's  center        *        -      *      3.  20.  30, 22 


Describe  a  small  circle  upon  paper,  representing  the  sun's  disc,  and  draw  a 
line  upon  it,  representing  the  path  of  Venus j  and  let  the  center  of  the  circle  be 
laid  upon  a  globe  on  the  sun's  place  in  the  ecliptic,  with  the  path  of  Venus 
pointing  to  her  descending  node  ;  then  from  the  horary  angle,  and  the  latitude 
of  the  place,  the  situation  of  the  place  upon  the  globe  in  respect  to  the  sun  and 
Venus,  will  immediately  appear. 

623.  If  we  would  calculate  the  parallaxes  for  any  other  places,  the  constant 
logarithms  to  be  used  will  be  found,  by  subtracting  0,00529  from  264199  the 
first  constant  logarithm  before  used,  and  0,1006  from  0,9717  the  second  con- 
stant logarithm  before  used ;  which  gives  the  first  constant  logarithm  corrected 
2,63670,  and  the  second  constant  logarithm  corrected  0,9611. 

624.  The  further  the  planet  passes  from  the  center  of  the  sun,  the  greater  will 
be  the  angle  CBD^  and  therefore  (612)  the  greater  will  be  the  parallax,  caeteris 
paribus.  Hence,  the  transit  in  1769  is  better  to  deduce  the  parallax  firom,  than 
that  in  1761  ;  for  by  gaining  a  greater  difference  of  times  of  the  transit  seen 
from  different  parts  of  the  earth,  any  given  error  therein  must  less  affect  the 
conclusion. 

VOL.   I.  S  H 
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625.  Having  explained  the  method  of  determining  the  sun^s  parallax  from  the 
transit  of  Venus,  we  shall  proceed  to  give  the  Results  deduced  from  the  transits 
in  1761  and  1769.  And  first  we  shall  give  those  of  Mr.  J.  Short,  A.  M.  F  R.  S. 
from  a  comparison  of  the  times  of  the  same  contact  observed  at  the  Cape  of 
Good  Hope,  with  those  in  different  parts  of  Europe. 

626.  The  time  of  the  internal  contact  at  the  Cape,  in  the  transit  of  Venus 
in  1761,  was  9A.  39^.  50",  and  the  difference  of  the  longitudes  of  the  Cape  and 
Greenwich  is  lA.  IS*.  35";  hence,  the  time  at  Greenwich  of  the  contact  at  the 
Cape  was  8A.  26'.  15*;  but  the  observed  time  of  the  same  contact  at  Green- 
wich was  Sh.  19',  the  difference  of  which,  7*.  15%  is  the  effect  of  pandlax  be- 
tween the  two  places.  Now  if  we  suppose  the  sun's  horizontal  parallax  to  be 
8",5,  it  appears,  by  computation,  that  the  effect  of  the  parallax  at  the  Cape  is 
&.  8",  by  which  time  an  observer  at  the  Cape  would  see  the  contact  later  than 
at  the  center  of  the  earth ;  and  the  effect  of  parallax  at  Greenwich  is  l'.  12", 
by  which  time  an  observer  would  see  the  contact  sooner  than  at  the  center  of  the 
earth;  therefore  the  sum,  1*.  20*, is  the  whole  effect  of  parallax  between  the  two 
places.  Hence,  7".  20"  :  7'.  15*::  8",5  :  S\4  the  sun's  horizontal  parallax  from 
these  observations.  Thus,  knowing  the  difference  of  longitudes,  by  compar- 
ing the  times  at  fiie  Cape  with  the  following  places,  Mr,  Short  deduced  these 
horizontal  parallaxes  of  the  sun.     PfiiL  Trans.  1763. 

Greenwich        -  -          -        8",42 

Leskeard        «  -        •        -       8, 69 

Home            -  -        -        -        8, 61 

Stockholm  «              •            8, 48 

Abo 8, 58 

Shirboum         -  -            -      8,  15 

Baris              -  «             -         8, 42 

Dronthein        -  -        •        -     8, 23 

Hemosand        -  -            -      8, 69 

Tomeo           -  -            -      8, 07 

Savile  House  -            *        *     8, 57 

Bologna           -  •            -      8, 41 

Upsal        -  -            -        -     8, 50 

Cafmar        -  -         -            -    8, 86 

Cajaneburg  -           -        -     8^  S3 

Tbt  mean  of  these  results  i«  8',47. 

i 

627.  Mr.  Short  also  determined  the  parallax  from  the  whole  time  of  the 
duration,  in  the  following  manner.     He  found  the  least  apparent  distance  of 
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the  center  of  Venus  from  the  center  of  the  sun,  to  be  9'.  92^;  firom  which,  and 
the  horary  motion  of  Venus,  he  found  the  total  time  of  duration  at  the  center 
of  the  earth  to  be  5h.  SS'.  l".  And  firom  an  assumed  parallax  of  8",5,  he  com* 
puted  the  effect  upon  the  observed  time  of  the  transit,  and  thence  found  the 
total  duration  at  the  center  of  the  earth,  which  he  compared  with  5h.  5S^  1, 
and  thence  deduced  the  parallax.    P?UL  Trans.  1762» 

628.  At  Calcutta,  the  duration  observed  was  Sh.  50f.  S&\  Now  upon  sup- 
position that  the  horizontal  parallax  of  the  sun  was  S"j5j  the  e£fect  of  the  paral- 
lax was  7'.  so"  to  shorten  the  duration ;  hence  the  duration  at  the  center,  from 
this  assumed  parallax,  was  Sh.  58'.  6".  But  the  true  time  was  found  to  be  Sh. 
58'.  1";  this  assumed  parallax  therefore  gave  the  time  too  great  by  5'\  Now  if 
we  alter  the  parallax  l",  the  time  of  duration  will  be  altered  53";  hence,  ^3"  : 
5"::  I'*  :  0%094  the  change  of  parallax  corresponding  to  the  difference  5"  of  du- 
ration ;  this  subtracted  from  8^,5  gives  8",4  for  the  parallax  from  this  observa- 
tion ;  and  from  a  mean  of  sixteen  observations  of  this  kind,  Mr.  Short  deter- 
mined the  parallax  to  be  S\46.  From  the  mean  of  all  the  observations 
computed  by  Mr.  Short,  he  determined  the  parallax  to  be  8'',557. 

629.  Dr.  HoRNSBT,  Savilian  Professor  of  Astronomy  in  the  University  of 
Oxfbrd,  from  the  mean  of  a  great  number  of  computations  of  the  same  transit, 
found  the  parallax  to  be  9^,73.  But  from  a  mean  (^  nine  observations  of  the 
transit  in  1769,  he  found  the  parallax  to  be  8",65.  Hence,  the  mean  of  Mr. 
Short's  and  Dr.  Hornsby's  conclusions  give  8",92  for  the  parallax.  But  if  we 
take  only  those  observations  the  most  to  be  depended  upon,  from  which  Dr. 
HoRNSBT  computed  in  the  first  transit,  the  parallax  at  that  time  will  be  found 
to  be  only  8'',69 ;  hence,  the  mean  result  from  the  Doctor's  two  conclusions 
8^69,  8  ,92,  and  of  Mr.  Short's  8^557,  is  8^,72  for  the  parallax  at  the  times  of 
the  transits;  and  assuming  1,0152  for  the  distance  of  the  sun  from  the  earth  at 
the  time  of  the  transit,  we  have  1  :  1,0152 ::  8'',72  :  8^85  for  the  parallax  at  the 
mean  distance.  Euler  made  the  mean  parallax,  8'',68 ;  M.  Pinore,  8'',8 ;  M. 
Lexell,  8'',63;  M.  du  SfjouR,  8",8l ;  M.  de  la  Lande,  8^,6.  The  mean  of 
all  these  determinations  is  8'',73;  which  agrees  (page  418)  very  nearly  with 
Dr.  Maskelynte's  calculation  from  the  observations  at  Wardhus  and  Otaheite. 
We  may  therefore  suppose  the  mean  horizontal  parallax  of  the  sun  to  be  8"^, 
with  a  great  probability  of  its  being  extremely  near  to  the  truth.  Hence,  the 
radius  of  the  earth  :  the  distance  of* the  sun::  sin.  8"!  :  rad.::  1  :  23575. 

630.  The  elements  made  use  of  by  Mr.  Short  in  his  calculations  were,  the 
diameter  of  the  sun  =  31'.  31",  the  diameter  of  Venus  =  59",  the  horary  motion 
of  Venus  in  its  path  =  S*.  59'',8,  the  angle  of  the  apparent  orbit  of  Venus  with 
the  ecliptic  =z  8®.  30'.  10",  the  nearest  distance  of  the  centers  of  Venus  and  the 
sun  seen  from  the  earth  =:  9'.  32%  and  the  difference  of  the  horizontal  parallaxes 
of  Venus  and  the  sun  =  2l',35. 
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631.  The  effect  of  the  parallax  being  determined,  the  transit  affords  a  very 
ready  method  of  finding  the  difference  of  the  longitudes  of  two  places  where 
the  same  observations  were  made.  For  compute  the  effect  of  parallax  in  time^ 
and  reduce  the  observations  at  each  place,  to  the  time  if  seen  from  the  center 
of  the  eartli,  and  the  difference  of  the  times  is  the  difference  of  the  longitudes. 
For  example,  we  have  shown  (page  416)  that  the  times  at  Wardhus  and  Ota- 
heite,  at  which  the  first  internal  contact  would  take  place  at  the  earth's  center, 
are  9h.  40'.  44%6  and  21h.  38'.  25%07,  the  difference  of  which  is.l2A.  2\  19^3 
sslSO^  34'.  S3"  the  difference  of  the  meridians.  From  the  mean  of  63  results 
from  the  transits  of  Mercury,  Mr.  Short  found  the  difference  of  the  meridians 
of  Greenwidi  and  Paris  to'  be  9'.  15";  and  from  the  transit  of  Venus  in  1761| 
to  be  9'.  10",  in  time. 

632.  The  transit  of  Venus  affords  a  very  accurate  method  of  finding  the 
place  of  the  node.   For  by  the  observations  made  by  Mr.  Rittenhouse  at  Nor* 

^^^'  riton  in  the  United  States  of  America,  the  least  distance  CM  was  observed  to 
^^^*  be  10'.  10";  hence,  cos.  MCV=S\  28'.  54" :  rad.::Ci\f  =  10^.  l(f  :  CV= 
10'.  17"  tlie  geocentric  latitude  of  Venus  at  the  time  of  conjunction ;  and 
0,72626  :  0,28895  ::  10'.  17"  :  4'.  5'  tlie  heliocentric  latitude.  Cr  of  Venus j 
hence,  tan.  VNC^=S\  23'.  35"  :  rad.::the  heliocentric  latitude  CF=4'.  5*2 
CN=z  l^  8'.  52 ;  which  added  to  2'.  13°.  26'.  34'  gives  2\  14^  SS^.  26*  for  the 
place  of  the  ascending  node  of  the  orbit  of  Venus. 

633.  The  time  of  tlie  ecliptic  conjunction  may  be  thus  fou|pd.  Find  at  any 
time  (/)  the  difference  (d)  of  longitudes  of  Venus  and  the  sun's  center  (Art. 
636) ;  find  also  the  apparept  geocentric  horary  motion  (m)  of  Venus  Jivm  the 
sun  in  longitude,  and  then  say,  m  :  1  hour  ::d  :  the  interval  between  the  time 
/  and  the  conjunction,  which  interval  is  to  be  added  to  or  subtracted  from  t^ 
according  as  the  observation  was  made  before  or  after  the  conjunction.  In  the 
transit  in  1761,  at  6/r.  31'.  46"  apparent  time  at  Paris,  M.  de  la  Lakdx 
found  d=2'.  34  ",4,  and  /»=  3'.  57",4;  hence,  3'.  57",4  :  2'.  34",4::  1  hour  : 
39'.  l",  which  subtracted  from  6/i.  31'.  46^^,  because  at  tliat  time  the  conjunction 
was  past,  gives  5h.  52'.  45"  for  the  time  of  coi^unction  from  this  observation. 
We  may  also  tlius  find  the  latitude  at  conjunction.  Tlie  horary  motion  of 
Venus  in  latitude  was  35'',4;  hence,  60' :  39',  1 ::  35",4  :  23"  the  motion  in  latu 
tude  in  39',!,  which  subtracted  from  10'.  l",2  the  latitude  observed  at  6/i,  31'. 
46",  gives  9'.  38",2  for  the  latitude  at  the  time  of  conjunction. 


0?i  the  Necessary  Observatiojis  to  be  made  In  the  Transit  of  Venus  over 

tJie  Sun*s  Disc. 

634.  Previous  to  the  time  of  the  beginning  of  tlie  transit,  the  observ^er  should 
liave  his  telescope  properly  fixed,  and  prepared  with  black  glasses  to  defend  tlie 
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«ye,  and  should  know,  from  his  computations,  the  point  of  the  sun's  Kmb  where 
Venus  is  expected  to  enter.     Upon  that  part  of  the  limb  he  should  keep  his  eye 
^steadily  fixed,  and  at  the  instant  he  suspects  the  contact  to  take  place,  he  must 
note  the  time,  and  proceed  to  observe,  in  order  to  be  certain  that  he  was  not 
mistaken.     If  he  find  that  he  was  mistaken,  he  must  continue  to  wait  for  it, 
always  noting  the  time  when  he  suspects  it,  in  order  that  he  may  not  miss  it 
when  it  really  does  happen.       Venus  having  entered  the  sun's  disc,  wait  for 
the  internal  contact,  and  note  its  time.     Do  the  same  for  the  internal  and  ex- 
ternal contact,  when  Venus  passes  off  tiie  disc.     In  the  transit  in  1761,  the 
Rev.  Mr.  Hirst,  F.  R.  S.  at  Madras,  observed  a  kind  of  penumbra,  or  dusky 
shade,  which  preceded  the  first  external  contact  two  or  three  seconds  of  time, 
and  was  so  remarkable,  that  he  was  thereby  assured  that  the  contact  was  near, 
which  happened' accordingly.     In  the  transit  in  1769,  Dr.  Maskelyne  was  very 
attentive  to  observe  if  this  circuiiistance  took  place,  but  he  could  perceive  no 
such  effect.     When  Venus  was  a  little  more  than  half  immerged  into  the  sun's 
disc,  he  saw  its  whole  circumference  completed,  by  means  of  a  vivid,  but  nar- 
row  ill'defined  border  of  light,  which  illuminated  that  part  of  its  circumference 
which  was  off  the  sun ;   but  this  disappeared  about  2'  or  3'  before  the  internal 
contact.     In  the  transit  in  1769,  Mr.  Hirst  had  warning  of  tiie  approacli  of 
Venus  to  the  external  contact,  by  the  sudden  appearance  of  a  violent  corusca- 
tion,  ebullition,  or  agitation  of  the  upper  edge  of  the  sun,  five  or  six  minutes 
before  the  limb  of  Venus  broke  in  upon  the  sun.     This  he  thinks  might  be 
owing  to  the  atmosphere  of  Venus.     He  did  not,  however,  observe  any  kind  of 
penumbra,  as  in  the  other  transit.     Some  observers  perceived,  at  the  first  exter- 
nal contact,  a  kind  of  watery  pointed  shadow,  appearing  to  give  a  tremulous 
motion  to  that  part  of  the  sun's  limb.     Most  of  the  observers  took  notice  of  a 
tremulous  motion  of  the  sun's  limb,  which  rendered  the  true  time  of  the  con- 
tact uncertain  to  several  seconds.     Some  Astroliomers,  at  die  last  transit,  obr 
served  a  luminous  crescent  at  the  times  of  the  ingress  and  egress,  which 
enlightened  that  part  of  Venus's  circumference  which  was  off  the  sun,  so  tiiat 
the  whole  circumference  was  visible.      At  the  internal  contact,   the  limb  of 
Venus  seemed,  to  most  of  the  observers,  to  be  united  to  the  sun's  limb  by  a 
black  protuberance  or  ligament,  which  was  not  broken  by  the  thread  of  light, 
till  some  seconds  after  the  regular  circumference  of  Venus  seemed  to  have  co- 
incided with  the  sun's.     Otliers  observed  that  the  thread  of  light  between  the 
limbs  did  not  break  instantaneously,  the  points  of  the  threads  darting  into  eacJi 
other,  and  parting  again,  in  a  quivering  manner,  several  times  before  they 
finally  adhered.     Perhaps  the  best  way  to  get  the  time  of  the  internal  contact, 
is  to  judge  by  the  eye,  from  that  part  of  the  circumference  of  Venus  which  is 
not  disturbed,  when  the  regular  circumference  of  Venus  would  just  touch  the 
sun's  limb.     Hence  it  appears,  that  Dr.  Hallet  was  mistaken,  in  supposing* 
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that  the  contacts  could  be  observed  to  a  second  of  time  j  and  accordingly  the 
observations  made  by  difierent  observers^  and  reduced  to  the  same  meridiaiy 
di£fered  moie  than  was  expected,  'fhe  mean  of  all  the  observatiaiis  however 
have  eounterbalaoced  this,  and  rendered  the  determination  of  the  parallax  of 
the  sun  to  be  depended  upon  to  very  great  accuracy. 

635.  After  the  first  internal  contact,  the  next  observations  are  to  determine 
the  nearest  approach  of  tlieir  centers.  This  is  best  done  with  a  micrometer  fixed 
to  liie  telescope,  by  measuring  the  horizontal  diameter  of  the  sun,  the  diameter 
of  Venus,  and  the  nearest  distance  of  the  exterior  limb  of  Venus  from  the  near* 
est  point  of  the  sun's  limb  ;  and  this  is  done  by  bringing  the  Umb  of  Venus  mp 
to  the  sun's  limb  in  different  parts  till  you  find  that  you  have  got  the  nearest 
distance ;  or  by  Mr.  Dollond's  divided  object  glass  micrometer,  it  is  done  by 
turning  about  the  micrometer  in  its  own  plane,  and  when,  during  this  motioa, 
Venus  is  carried  parallel  to  a  tangent  to  the  nearest  point  of  the  limb,  or  so  as 
to  continue  to  form  a  perfect  internal  contact,  this  is  the  position  to  measure 
the  leaat  distance  of  their  limbs ;  then  subtract  the  semidiameter  of  Venus  from 
the  radius  of  the  sun,  and  you  have  the  distance  of  their  centers  at  that  time. 
If  the  sun  be  so  near  to  the  horizon,  that  its  vertical  diameter  is  shortened  by 
refraction,  then,  from  tlie  position  of  Venue,  compute  (307)  how  much  that 
xadius  of  the  sun,  in  which  she  is,  is  shortened,  and  subtract  the  semidiameter 
of  Venus  firom  it.  In  those  countries  where  the  middle  can  be  observed,  con* 
tinue  to  observe  tlie  distance  of  Venus  firom  the  nearest  point  g£  the  son's  limb 
till  that  distance  increases  no  longer,  and  ypu  then  get  the  nearest  approach  of 
their  centers.  If  you  cannot  observe  the  middle,  the  least  distance  may  be  thus 

no.  foutad.  Let  vC^wC  he  two  observed  distances  of  die  centers  of  Venus  and  the 
139.  gun  .  note  the  time  when  eacli  observation  was  made,  and  you*  have  the  time 
through  xWj  and  knowing  the  horary  motion  of  Venus  in  its  apparent  orbit, 
you  will  know  vw.  Hence  you  know  Cv^  Cb,  vzvy  from  which,  compute  the 
angle  Caw  ;  therefore  in  the  right  angled  triangle  Chw^  you  know  Cto,  and  the 
angle  Cwhj  to  find  Ck  the  least  distance  required.  If  several  observations 
of  this  kind  be  made,  the  mean  of  the  results  will  give  tlie  least  distance  more 
accurately.  If  the  telescope  be  mounted  on  a  polar  axis,  it  will  be  more 
convenient. 

636.  Secondly,  tlie  distance  of  Venus  from  the  sun's  center  may  be  found  by 
a  wire  micrometer  adapted  to  a  telescope  to  measure  the  difference  of  riglit  as- 
censions and  declinations,  or  by  Mr.  Dollond's  divided  object  glass  micro- 
meter ;  see  my  Treatise  on  Practical  Astnmom^^  Chap.  vi.  Let  P  be  the  pole 
of  the  equator  JEQ,  w  the  place  of  Venus ;  draw  the  great  circles,  POF;  PwD^ 
and  C:t  parallel  to  DF.  Tlien  having  determined  the  difference  wx  of  •decli- 
nations of  Venus  and  the  sun's  center,  and  the  difference  DF  of  their  right 
ascensions,  multiply  DF  by  the  cosine  of  FC  the  sun's  declination,  and  (IS) 
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70U  get  Cx ;  knowing  therefore  Mr,  <rC,  in  the  right  angled  triangle  «rC^ 
you  know  wC.  The  distance  of  Venus  from  the  min's  center  being  twice 
taken,  and  the  time  between,  you  get  the  least  distance  Ck  as  before.  Having 
determined  the  difference  of  the  right  ascensions  and  declinations  of  the  sun 
and  Venus  at  any  time,  you  may  find  the  diflference  of  their  longitudes  by 
Art.  S85. 

637.  The  parallax  of  the  sun,  from  the  transit  of  Venus,  being  determined 
from  the  diflerence  of  the  times  of  the  transits  at  two  places,  the  conclusion 
will  be  most  acciu^te  when  that  difference  is  the  greatest  possible.  The  places 
therefore  to  be  chosen  for  the  two  observations  should  be  upon  opposite  meri- 
dians, and  such,  that  the  middle  of  the  transit  may  be  when  the  sun  is  upon  the 
meridian ;  for  under  these  circumstances,  the  ingress  at  one  place  will  be  ac- 
celerated and  the  egress  retarded,  increasing  thereby  the  time  of  the  transit, 
and  the  ingress  at  the  other  place  will  be  retarded  and  the  egress  accelerated, 
by  which  the  time  of  the  transit  will  be  diminished;  the  difference  therefore 
of  the  times  of  the  transits  at  the  two  places  will  thus  become  the  great* 
est.  As  the  transit  must  be  obserr ed  under  opposite  meridians,  it  must  happen 
in  tlie  day  at  one  of  the  places,  and  at  night  at  the  other  \  the  pfatce  therefora 
where  it  happens  in  the  night  must  be  so  near  to  the  nwth  or  south  pole,  ae» 
cording  as  the  declination  of  the  sun  is  north  or  south,  that  the  ingress  may 
be  observed  before  the  sun  sets,  and  the  egress  the  next  morning  after  it  rises. 
Hence,  the  transits  of  Venus  which  happen  in  June  are  more  convenient  than 
those  which  happen  in  December,  because  there  is  a  great  choice  of  situations 
towards  the  north  pole,  which  is  not  the  case  towards  the  south.  Dr.  Hallet 
made  a  mistake,  by  setting  off  the  axis  of  the  planet's  orbit  on  the  same  side 
of  the  ecliptic  that  the  axis  of  the  equator  was  situated,  instead  of  the  contrary 
side.  By  using  therefore  the  diflerence  of  these  two  angles  instead  of  their 
sum,  he  made  the  difference  of  the  times  of  the  transit  in  1761  seen  at  the 
Ganges  and  Port  Nelson  (two  places  recommended  by  him  for  observing  this 
transit)  longer  by  29"  than  it  ought,  as  computed  by  Dr.  Hornsbt  ;  see  the 
PAi7.  IVans.  1763. 


To  determine  at  what  Countries  the  Ingress  and  Egress  are  visible. 

688.  Elevate  the  north  or  south  pole  of  the  terrestrial  globe  above  the  horizon 
equal  to  the  sun's  declination  at  the  time  of  the  transit,  according  as  the  decli* 
nation  is  north  or  soutli.  Bring  Greenwich,  for  instance,  to  the  meridian,  and 
set  th(6  index  to  twelve.  Now  for  the  ingress,  turn  the  globe  and  set  it  to  the 
hour  the  ingress  happens,  and  the  globe  will  be  in  a  proper  position  for  that 
time,  the  sun  being  vertical  to  that  hemisphere  of  the  earth  above  the  horizon 
of  the  globe.     The  beginning  of  the  transit  is  therefore  visible  to  that  hemi* 
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sphere.  To  those  places  under  the  western  semicircle  of  the  horizon,  the  sifii 
is  then  rising,  and  therefore  to  such  places  the  transit  b^ns  at  sun  rise.  To 
those  places  under  the  eastern  semicircle  of  the  horizon,  the  sun  is  then  setting, 
and  therefore  the  transit  there  begins  at  sun  set  To  those  places  lying  uniter 
the  meridian,  the  ingress  b^ns  at  twelve  o'clock. 

Set  the  index,  by  turning  the  globe,  to  the  time  of  the  middle  of  the  transit, 
and  proceed  as  before.  Then  in  the  western  semicircle  of  the  horizon  you  will 
see  all  those  places  where  the  middle  is  at  sun  rise ;  and  under  the  easterm 
semicircle  of  the  horizon,  those  where  the  middle  is  at  sun  set*  And  the  placet 
under  the  meridian  are  those  where  the  transit  is  at  the  middle  at  twelve  o'clock. 

Turn  the  globe,  and  set  the  index  to  the  time  of  the  ^ress,  and  the  ^^ress 
will  be  visible  to  all  the  countries  above  the  horizon.  The  places  lying  under 
the  meridian  are  those  where  the  transit  ends  at  twelve  o'clock.  Under  the 
western  semicircle  of  the  horizon,  lie  the  places  where  the  end  is  at  sun  rise. 
And  under  the  eastern  semicircle  of  the  horizon,  lie  the  places  where  the  end 
is  at  sun  set 

The  times  when  any  of  these  appearances  happen  at  any  other  place,  may  be 
found,  by  taking  the  difference  between  the  meridians,  and  converting  it  into 
time,  and  applying  that  difference  to  the  time  at  Greenwich. 


fVP.  XXVI. 

ox  THE  NATURE  AND  MOTION  OF  COMETS. 

Art.  639.  Comets  are  solid  bodies,  revolving  in  very  excentric  ellipses 
about  the  sun  in  one  of  the  foci,  and  are  therefore  subject  to  the  same  laws  as 
the  planets,  but  differ  in  appearance  from  them ;  for  as  they  approach  the  sun, 
a  tail  of  light,  in  some  of  them,  begins  to  appear,  which  increases  till  the  comet 
comes  to  its  perihelion,  and  then  it  decreases  again,  and  vanishes ;  otliers  have 
a  light  encompassing  the  nucleus,  or  body  of  the  comet,  without  any  tail.  The 
most  ancient  philosophers  supposed  comets  to  be  like  planets,  performing  their 
revolutions  in  stated  times.  Aristotle,  in  his  first  book  of  Meteors ^  speaking 
of  comets,  says,  "  But  some  of  the  Italians,  called  Pythagoreans,  say,  that  a 
Comet  is  one  of  tlie  Plcaiets^  but  tliat  they  do  not  appear  unless  after  a  long 
time,  and  are  seen  but  a  small  time,  which  happens  also  to  Mercury.**  Seneca 
also  in  Nat.  Quest.  Lib.  vii.  says,  **  Afollonius  aflSirmed,  that  the  Comets  were, 
by  the  Chaldeans,  reckoned  among  the  PlanetSj  and  had  their  periods  like 
them."  Seneca  himself  also,  having  considered  the  phenomena  of  two  re- 
markable comets,  believed  them  to  be  stars  of  equal  duration  with  the  world, 
tliough  he  was  ignorant  of  the  laws  that  governed  them ;  and  foretold,  that  after 
ages  would  unfold  all  tliese  mysteries.  He  recommended  it  to  Astronomers  to 
keep  a  catalogue  of  the  comets,  in  order  to  be  able  to  determine  whether  they 
returned  at  certain  periods.  Notwitlistanding  tliis,  most  Astronomers  from  his 
time  till  Tycuo  Brake,  considered  them  only  as  meteors,  existing  in  our  at- 
mosphere. But  that  Astronomer,  finding  from  his  own  observations  on  a  comet, 
that  it  had  no  diurnal  parallax,  placed  them  above  the  moon.  Afterwards 
Kepler  had  an  opportunity  of  observing  two  comets,  one  of  which  was  very 
remarkable ;  and  from  his  observations,  which  afforded  sufficient  indications 
of  an  annual  parallax,  he  concluded,  "  that  comets  moved  freely  through  the 
planetary  orbs,  with  a  motion  not  much  different  from  a  rectilinear  one  j  but  of 
what  kind  he  could  not  precisely  determine."  Hevelius  embraced  the  same 
hypothcsis-of  a  rectilinear  motion ;  but  finding  his  calculations  did  not  perfectly 
agree  with  his  observations,  he  concluded,  "  that  the  path  of  a  comet  was  bent 
in  a  curve  line,  concave  towards  the  sun.*'  He  supposed  a  comet  to  be  gene- 
rated in  the  atmosphere  of  a  planet,  and  to  be  discharged  from  it,  partly  by 
the  rotation  of  the  planet,  and  then  to  revolve  about  the  sun  in  a  parabola  by 
the  force  of  projection  and  its  tendency  to  the  sun,  in  the  same  manner  as  a 
projectile  upon  the  earth's  surface  describes  a  parabola.  At  length  came  the 
famous  comet  in  1680,  which  descending  nearly  in  a  right  line  towards  the  sun, 
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arose  :^ain  from  it  in  like  manner,  which  proved  its  motion  in  a  curve  about 
the  sun.  G.  S.  Doeefell,  Minister  at  Plaven  in  Upper  Saxony,  made  obser- 
vations upon  this  comet,  and  found  that  its  motion  might  be  very  well  repre- 
sented by  a  parabola,  having  the  sun  in  its  focus.  He  was  ignorant  however 
of  all  the  laws  by  which  the  motion  of  a  body  in  a  parabola  is  regulated,  and 
erred  considerably  in  his  parabola,  making  the  perihelion  distance  about  twelve 
times  greater  than  it  was.  Ttiis  was  published  five  years  before  the  Prmcipui, 
in  which  work  Sir  I.  Newton  having  proved  that  Kepler's  law,  by  which  the 
motions  of  the  planets  are  regulated,  was  a  necessary  consequence  of  his  theoiy 
of  gravity,  it  immediately  followed  that  comets  were  governed  by  the  same  law; 
and  the  observations  upon  them  i^reed  so  accurately  with  his  theory,  as  to 
leave  no  doubt  of  its  truth.  That  the  comets  describe  ellipses,  and  not  para- 
bolas or  hyperbolas,  Dr.  Halley,  (see  his  Synopsis  of  the  Astronomy  of  Comett) 
advances  the  following  reasons. 

**  Hitherto  I  have  considered  the  orbits  of  comets  as  exactly  parabolic ;  upon 
which  supposition  it  would  follow,  that  comets,  being  impelled  towards  the  sun 
by  a  centripetal  force,  would  descend  as  from  spaces  infinitely  distant ;  and,  by 
their  so  &lling,  acquire  such  a  velocity,  as  that  they  may  again  fly  offiiito  the 
remotest  parts  of  the  universe,  moving  upwards  with  a  pierpetual  tendency,  so 
as  never  to  return  again  to  the  sun.  But  since  they  appear  frequently  enough, 
and  since  none  of  them  can  be  found  to  move  with  an  hyperbolic  motion,  ot  a 
motion  swifler  than  what  a  comet  might  acquire  by  its  gravity  to  the  sun,  it  ia 
highly  probable  they  rather  move  in  very  excentric  elliptic  orbits,  and  make 
their  returns  afier  long  periods  of  time :  for  so  their  number  will  be  determinate, 
and,  perhaps,  not  so  very  great.  Besides,  the  space  between  the  sun  and  the 
fixed  stars  is  so  immense,  that  there  is  room  enough  for  a  comet  to  revolve, 
though  the  period  of  its  revolution  be  vastly  long.  Now,  the  iatus  rectvm  of  an 
ellipsis  is  to  the  latus  rectum  of  a  parabola,  which  has  the  same  distance  in  its 
perihelion,  as  the  distance  in  the  aphelion,  in  the  ellipsis,  is  to  the  whole  axts 
ef  the  ellipsis.  And  the  velocities  are  in  a  subduplicate  ratio  of  the  same :  whoe- 
fi)rc,  in  very  excentric  orbits,  the  ratio  comes  very  near  to  a  ratio  of  equality ; 
and  the  very  small  difference  which  happens,  on  account  of  the  greater  velocity 
in  the  parabola,  is  easily  compensated  in  determining  the  situation  of  the  orbit. 
Thp  principal  use  therefore  of  the  Table  of  the  elements  of  their  motions,  and 
that  which  indeed  induced  me  to  construct  it,  is,  that  whenever  a  new  comet 
i4iftll  appt'nr,  we  may  be  able  to  know,  by  comparing  t<^ether  the  elements, 
whythff  it  be  any  of  those  which  has  appeared  before,  and  consequenUy  to  de- 
triniiiu'  tl'*  poriiKljand  the  axis  of  its  orbii,  and  to  foretel  its  return.  And, 
tluWnl.  thciT  Vf  '^l^^feff  which  make  iiic  bt^lieve,  that  the  comet  which 
AriiN  t'lworve/  ^^^^^[.^  ^^^  ^^^^  *'^''  ^^^^  wliich  Kepleh  and 

iawiKtanfin'AHtb  ^^^^MflHdtn  tM^tt^607 ;  and  which  I  my- 
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self  have  seen  return,  and  observed  in  the  year  1682.  AH  the  elements  agree, 
and  nothing  seems  to  contradict  this  my  opinion,  besides  the  inequality  of  the 
periodic  revolutions :  which  inequality  is  not  so  great  neither,  as  that  it  may 
not  be  owing  to  physical  causes.  For  the  motion  of  Saturn  is  so  disturbed  by 
the  rest  of  the  planets,  especially  Jupiter,  that  the  periodic  time  of  that  planet 
is  uncertain  for  some  whole  days  together.  How  much  more  therefore  will  a 
comet  be  subject  to  such  like  errors,  which  rises  almost  four  times  higher  than 
Saturn,  and  whose  velocity,  though  increased  blit  a  very  little,  would  be  suffi- 
cient to  change  its  orbit,  from  an  elliptical  to  a  parabolical  one.  And  I  am 
the  more  confirmed  in  my  opinion  of  its  being  the  same  i  for,  in  the  year  1456, 
in  the  summer  time,  a  comet  was  seen  passing  retrograde  between  the  earth 
and  the  sun,  much  after  the  same  manner;  which,  though. nobody  made  obser- 
vations upon  it,  yet,  from  its  period,  and  the  manner  of  its  transit,  I  cannot 
think  different  from  those  I  have  just  now  mentioned.  And  since  looking  over 
the  histories  of  comets,  I  find,  at  an  equal  interval  of  time,  a  comet  to  have 
been  seen  about  Easter  in  the  year  1 305 j  which  is  another  double  period  of 
151  years  before  the  former.  Hence,  I  think,  I  may  venture  to  foretell  that  it 
will  return  again  in  the  year  1758." 

640.  Dr.  H ALLEY  computed  the  effect  of  Jupiter  upon  this  comet  in  1682, 
and  found  that  it  would  increase  its  periodic  time  above  a  year,  in  conseqaence 
of  which  he  predicted  its  return  at  the  end  of  the  year  1 758  or  the  beginning 
of  1759.  He  did  not  make  his  computations  with  the  utmost  accuracy,  but, 
as  he  himself  informs,  Icvi  ccUamo.  M.  Clairaut  computed  the  efiects  both 
of  Saturn  and  Jupiter,  and  found  that  the  former  would  retard  its  return  in  the 
last  period  100  days,  and  the  latter  511  days;  and  he  determined  the  time 
when  the  comet  would  come  to  its  perihelion  to  be  on  April  15,  1759,  otxserv* 
ing  that  he  might  err  a  month,  from  neglecting  small  quantities  in  the  compu- 
tation. It  passed  the  perihelion  on  March  13,  within  33  days  of  the  time  com- 
puted. Now  if  we  suppose  the  time  stated  by  Dr.  Halley  to  mean  the  time 
of  its  passing  the  perihelion,  then  if  we  add  to  that  100  days,  arising  from  tlie 
action  of  Saturn  which  he  did  not  consider,  it  will  bring  it  very  near  to  the 
time  in  which  it  did  pass  the  perihelion,  and  prove  his  computation  of  the  effect 
of  Jupiter  to  have  been  very  accurate.  If  he  mean  the  time  when  it  would  first 
appear,  his  prediction  was  very  accurate,  for  it  was  first  seen  on  December 
14,  1758,  and  his  computation  of  the  effects  of  Jupiter  will  then  be  more  accu- 
rate than  could  have  been  expected,  considering  that  he  made  his  calculations 
only  by  an  indirect  method,  and  in  a  manner  professedly  not  very  accurate. 
Dr.  Halley  therefore  had  the  glory,  first  to  foretell  the  return  of  a  comet,  and 
the  event  answered  remarkably  to  his  prediction.  He  further  observed,  that 
the  action  of  Jupiter,  in  the  descent  of  the  comet  towards  its  perihelion  in 
1682,  would  tend  to  increase  the  inclination  of  its  orbit;  and  accordingly  the 
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in  IW2 1WI*  fi^>"^  *^  **  i?2' greater  than  in  ]  607.     A  learned  Pr<v 
fUr.  Losu'n  A^fronomVi  p.  ^62)  in  Italy  to  an  English  gentleman  writes 
••  Thouirh  M^  ''<?  '•  Lande,  and  some  other  French  gentlemen,  have 
ocdiion  to  find  fiult  with  the  inaccuracies  of  Halley's  calculation,  be- 
he  Linwclf  liad  said  he  only  touched  upon  it  slightly ;  nevertheless  they 
rob  him  of  the  hcMiour, — First,  of  finding  out  that  it  was  one  and  the 
which  appeared  in  1682,  1607,  1531,  1456,  and  1305. — Second- 
"^^V^"^  obfened  that  the  planet  Jupiter  would  cause  the  inclination  of 
'  '  ^hj:  oftbt  camH  to  be  greater,  and  the  period  longer. — Thirdly,  of  hav^- 
^       jj  jijjj  tlie  return  thereof  might  be  retarded  till  the  end  of  1758,  or 
ci  2759»"    Ftom  the  observations  of  M.  Messier  upon  a  comet 
•"v  Estfc  AiosPERiN,  Member  of  the  Royal  Academies  of  Stockholm 
^  that  a  parabolic  orbit  would  not  answer  to  its  motions,  and 
3^  if  to  Astronomers  to  seek  for  the  elliptic  orbit.  This  laborious 
szu  undertook,  and  has  shown  that  an  ellipse,  in  which  the  peri- 
2inif  s^  jfc?«it  live  years  and  seven  montlis,  agrees  very  well  with  the  ob- 
thc  Phil.  Trans.  1779.     As  the  ellipses  which  the  comets  de- 


— o*.  »^  »^  "^  excentric.  Astronomers,  for  the  ease  of  calculation,  suppose 
j^  ^ff^  iu  parabolic  orbits,  for  tliat  part  which  lies  within  the  reach  of 
yy  which  they  can  very  accurately  find  the  place  of  the  perihelion. 


ijrum  the  sun,  the  inclination  of  the  plane  of  its  orbit  to  tiie  eclip- 

^^  HH  {ilace  of  the  node.     Previous  therefore  to  the  determination  of  the 

^  A  c^mtct  from  observation,  we  must  premise  such  particulars  respect- 

jit  »Kit/tt  ^'tt  body  in  a  parabola,  as  may  be  necessary  for  such  an  inves* 

5i^v^ral  of  the  principles  which  we  are  here  obliged  to  make  use  of. 


^\f  ta.v¥^  when  wc  come  to  treat  on  the  Physical  Principles  of  Astronomy* 

On  the  Motio7i  of  a  Body  in  a  Parabola. 


>«- 


L^i^i  .i^-'^  ^^  ^  parabola,  S  its  focus,  A  the  vertex,  P  the  place  of  the 
***^  \   iiH*  ^  perpendicular  to  AS^  and  PD  perpendicular  to  the  tangent 

*^^       *  /•  *u5v  >-^  |H>rpendicular  to  AD.     Now,  by  the  property  of  the  parabola, 
.  J  ^^^M^  !o  half  the  latus  rectum  ;  hence,  if  ^*V=1,  then  QZ)  =  2  ;  also,  the 
^    c    \si'— ^  ^/^-4  ;  therefore  if  QD  be  radius,  PQ  will  be  the  tangent  of 
'**^*      ^  .  ;\N  / ;  hence,  to  the  radius  ASj  PQ  will  be  twice  the  tangent  of 
,  \^^      iKiv^i-^'^*  if  2/=PQ,  /  will  be  the  tangent  of  (z)  half  the  true  anomaly 
V   'K    '^'  ^^"^  ^*S=l .     Also,  by  the  property  of  the  parabola,  AQ  x  4  AS 
"^  ^^     KiKW  JQ^^* ;  also,  the  area  AQP-^j  t^  ;  and  as  Q*S'=  1  — /*,  the 
^->-..     ;';  hence,  the  area  ASP-^i^^-t;  also,  the  area  ASMzz^. 
V  "  \-    A  «^  ♦  be  the  times  in  which  the  comet  moves  from  A  to  M^  and 
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froi»  A  to  P  ;  then,  as  the  areas  described  about  S  are  proportional  to  the  times, 
a  :  b\\\  :  J  /'  +  /,  therefore  at^  -i-S  at—  4fb. 

642.  Hence,  if  a,  and  the  true  anomaly  be  given,  we  have  the  time  bn-^at^ 
-f  I  at.     Also,  because  a  i  by.t  :  i  /^  +  /,  if  the  true  anomaly,  and  consequently 

iy  be  given  in  different  parabolas,  the  times  of  describing  those  true  anomalies 
from  the  perihclions  will  be  in  proportion  to  the  times  of  describing  90°  from 
the  perihelions. 

643.  If  the  times  a  and  b  be  given,  the  true  anomaly  may  be  found  from 

resolving  the  cubic  equation /'  + 3^=. — ,  which  may  be  done  thus.    In  the 

right  angled  triangle  CAB^  let  ABzzlj  AC=:—y  and  compute  BC;  then  find     wo. 

ia  161. 

two  mean  proportionals  between  BC+AC  and  BC-^ACy  and  their  difference 
is  the  value  of  /. 

46  '4th  * 

644.  Take  the  fluxion  of  t^  +  8/=  —  ,  and  we  have  /=—  x  ;   but  f 

^  3a      1+t* 

— ...  •       8  6  8      — — 

=  1  +  /*  X  i  /  hence  we  get  2i = —  x  =;-- —  x  cos  ;s*  x  ft  the  variation  of  the 

true  anomaly  corresponding  to  any  small  variation  b  of  time  expressed  in  deci- 
mals of  a  day,  a  being  expressed  in  days. 

645.  Let  SA  be  the  mean  distance  of  the  earth  from  the  sun ;  then  the  area    fig. 
of  the  circle,  described  with  that  radius,  will  be  3,14159  ;  also  the  area  A  MS    160. 

=  *.  Now  the  velocity  in  the  parabola  :  velocity  in  the  circle  ::y/ 2  :  1,  and 
the  areas  described  in  the  same  time  will  be  in  the  same  ratio,  because  at  A 
the  motion  in  each  orbit  being  perpendicular  to  SA,  the  areas  described  will 
be  as  the  velocities,  and  it  being  so  in  one  case,  it  must  be  always  so,  because 
in  each  orbit  respectively  equal  areas  are  described  in  equal  times,  as  will  be 
aflerwards  proved.     But  the  times  of  describing  any  two  areas  are  as  the  areas 

directly,  and  the  areas  described  in  the  same  time  inversely ;  therefore  — 


[^]- 


•  g  yg  1  "s"  J  •'  *^®  ^^^  ^^  *^®  revolution  in  the  circle  =: 865^/.  6A.  9'  :  the 

time  of  describing  AM-\09d.  14/i.  46*.  ^CC.  Now  as  the  time  of  describing  AM 
is  in  a  given  ratio  to  the  time  in  the  circle,  which  (as  will  be  afterwards  shown) 

varies  as  ASy  therefore  if  r= the  perihelion  distance  in  any  other  parabola, 
we  have  1     :  r^;:  I09rf.  14A.  46'.  20^ :  the  time  of  describing  90°  in  that  pa- 
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rabola  from  the  perihelion.  Hence,  knowing  the  time  corresponding  to  any 
true  anomaly  in  that  parabola  whose  perihelion  distance  =  I,  we  know  the  time 
corresponding  to  the  same  true  anomaly  in  any  other  parabola,  because  the 
(642)  times  of  describing  90°  are  as  the  times  corresponding  to  the  same  true 
anomaly ;  therefore  if  n  be  the  number  of  days  corresponding  to  any  given 

anomaly  in  that  parabola  whose  perilielion  distance  is  unity,  then  nr  will  be 
the  time  t  corresponding  to  the  same  anomaly  in  that  whose  perihelion  distance 
is  r ;  this  may  be  readily  found  thus.  Multiply  the  log.  r  by  3  and  divide  by 
2y  and  to  the  quotient  add  the  log.  n,  and  the  sum  will  be  the  log.  of  the  time 

required.     Hence  also,  n= — ;  therefore  if  from  the  log.  t  we  subtract  J  1(^.  r, 

it  gives  the  log.  n  of  the  number  of  days  corresponding  to  the  same  anomaly 
in  the  parabola,  whose  perihelion  distance  =:  1  ;  hence,  the  anomaly  will  be 
found  from  the  Table  at  the  end  of  this  Chapter,  which  exhibits  tlie  times  cor- 
responding to  the  true  anomaly  for  200000  days  from  the  perihelion,  in  that 
parabola  whose  perihelion  distance  is  unity.  This  Table  may  be  constructed 
by  Art.  641.  by  taking  a=109,  6154,  and  assuming  &=  1 ,  2,  3, 4,  &c.  and  find- 
ing the  corresponding  values  of  /.  Dr.  Halley  first  constructed  a  Table  of 
this  kind.  M.  de  la  Caille  changed  it  into  a  more  convenient  form,  by  putting 
the  areas  for  the  times  j  that  which  we  have  here  given  was  computed  by  M. 
de  Lambre. 

e4«.  Draw  SY  perpendicular  to  the  tangent;  then  SP  :  SY::SY :  SAy 
therefore  ^SP  :  y/SAv.  SP  :  5y::rad.  :  cos.  PSY,  or  i  PSA  the  true  ano- 
maly;  or  SP  :  SAr.TSxd.'  :  cos.  ^  true  anom.*  Hence,  ifSA^i,  and  a+x= 
^  PSA,  a—xi=^pSA,  then  1  ;  ^5P::cos.  a  +  x  :  rad.  and  ^Sp  :  i  ::rad.  : 
.cos.  a—x;  hence,  \/Sp  :  t/SP  '■  '•  cos.  a  +  x  ;  cos,  a—x. 

647.  Hence,  SP=-       ,--  —  -  ■  -  .,  radius  being  unity;   therefore  from 

cos.  i  true  anom.'  °         '  ' 

log.  SA  subtract  twice  the  log.  cos.  \  true  anomaly,  and  the  remainder  is  the 
log.  of  the  distance  of  the  comet  from  the  sun. 

■jio.         648.  Erect  BD  perpendicular  to  AB^  take  BCzzABy  produce  AC  to  E, 

162.    and  draw  J^Di^  pi.rpendicular  to  JE,   meeting  AF  parallel  to  BD  in  F,  join 

.VIA  and  draw   /;G,  CII  parallel  to  AB.     Tiien,  as  EJF=45°,  EA  =  EF; 

Jl^'   ^FG=GD^AB:  hence,  .-fF^  7?Z»  +  iJ^,  and  GH=BD-BA  ;  also,  by 

m  ,i;iiu'i         '!■'  >-r  liJJ  ^1!  I  -  (  D  =  GHor  BD-BA::  EFor  EA  :  ED 

I  I'      j'         ;  'V : -.  rad.  :  tan.  BAD,  from  which  subtract 

'    /  n.ir.ra^.  :  tan.  of  that  difference.     If  BD 
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^s/SPj  and  BA  =  y/Sp\  then  ^SP  :  ^'Sp : :  rad.  :  tan.  BAD = \/Si  hence, 

to  get  that  angle,  take  half  the  difference  of  the  logarithms  of  SP  and  Sp^  and 
add  10  to  the  index  (because  in  the  log.  tangents,  the  index  of  log.  tan.  of  45% 
or  log.  of  rad.  =  1,  is  10,  instead  of  0,)  and  it  gives  the  log.  tangent  of  the  an- 
gle ;  from  which  take  4s5%  and  we  have  y/iSP  -f  v/^  :  v^SP— v/i>  ::  rad.  : 
tang,  of  that  difference. 

649.  Hence,  if  we  know  two  radii  5P,  Sp^  and  the  angle  PSp  between,  we     fig. 
can  find  the  two  anomaUes.    For  let  j  be  ^  of  ASP  +  ASp^  and  ^  be  ^  of  ASP     160- 

--ASpj  then  ^  ASP:=ia^x^  and  ^  ASpzza  —  j: ;  hence  (646),  ^Sp  :  y/ST*:: 
cos.  a-ro:  I  cos.  a-^a:  ::  (by  plane  Trig.)  cos.  a  x  cos.  ^— sin.  a  x  sin.  a: :  cos. 
ax  cos.  07  + sin.  ax  sin.  s^  therefore  ^/SP-^x^Sp  :  v^6'P  —  ^4^: : cos.  ax 

COS.  a       sin.  ^r    .     .  .  -vt      .i        *•      /• 

COS.  a: :  sm.  a  x  sin.  a:::  ^, :  ::  cot.  a  :  tan.  a;.     Now  the  ratio  of 

sin    a       cos.  <r 

the  two  first  terms  is  found  from  the  last  Article,  and  as  the  angle  PSp  is  given, 
the  value  of  a:  will  be  given,  hence  we  find  a,  and  consequently  we  know  the 
sum  and  difference  of  ASP^  ASpj  therefore  we  know  the  angles  themselves.  If 
p  lie  on  the  other  side  of  Aj  then  we  know  a,  to  find  x. 

'    650.  Given  two  distances  SP,  Sp  firom  the  focus  to  the  curve  of  a  parabola,     fig. 
and  the  angle  between  them,  to  find  the  parabola.     With  the  centers  P  and|7,     16S. 
and  radii  PSy  pSj  describe  two  circular  arcs  rwty  mvn^  to  which  draw  the  tan- 
gent cRTwb ;  draw  ST  perpendicular  to  aft,  and  bisect  it  in  Aj  and  it  will  be  the 
vertex  of  the  parabola ;  hence  we  may  describe  the  parabola. 


Given  the  Elements  of  the  Orbit  qf  a  Cometh  to  compute  its  Place  at  any  Time. 

651.  The  elements  of  the  orbit  of  a  comet  are,  1.  The  time  when  the  comet 
passes  the  periheUon. — 2.  TTie  place  of  the  perihelion. — 3.  The  distance  of 
the  perihelion  firom  the  sun. — 4.  The  place  of  the  ascending  node. — 5.  The 
inclination  of  the  orbit  to  the  ecliptic.  From  these  elements,  the  place  at  any 
time  may  be  computed;  and,  for  example,  we  shall  take  that  given  by  M.  de 
la  Caille  in  his  Astronomy.  The  comet  in  1739,  which  was  retrograde,  passed 
its  perihelion  on  June  17,  at  10*.  9'.  SO"*  mean  time ;  the  place  of  the  perihe- 
lion was  in  3'.  12**.  38'.  40' j  the  perihelion  distance  was  0,67358,  the  mean 
distance  of  the  earth  fit)m  the  sun  being  unity;  the  ascending  node  was  in  O'. 
StT*  25'.  14%  and  the  inclination  of  the  orbit  SS"".  42V  44" ;  to  compute  the 
ylftce  seen  £:om  the  earth  on  August  l?^  at  14'^  20'  mean  time. 
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FIG.         Let  fTAV  be  the  parabolic  orbit  of  the  comet,  N  ihe  ascending  node,  P 
164.     the  place  of  the  comet,  T  the  corresponding  place  of  the  earth,  and  draw  Pv 
perpendicular  to  the  ecliptic ;  produce  SNy  Sc^  5P,  ST  to  w,  w,  p  and  /  the 
sphere  of  the  fixed  stars,  and  describe  tlie  great  circles  np^  nu  *r  t  and  pu. 

I.  The  interval  of  time  from  the  perihelion  to  tlie  given  time  is  61rf.  Ah.  lOC 
SO*  =  61,174,  whose  log.  is  1,786567 ;  also  the  log.  of  ,67358  is  9,828388, 1  of 
which  log.  (from  the  nature  of  logarithms)  is  9,742582,  which  subtracted  from 
1,786567  leaves  2,043985,  the  log.  of  110,65^7  days,  which,  by  the  Table, 
answers  to  3*.  0^  21'.  38"  the  true  anomaly  PSA  at  the  given  time. 

II.  Subtract  3*.  O^  21V38"  from  8*.  12^  38'.  40"  tlie  place  of  tlie  perihelion, 
because  the  comet  was  retrograde  and  had  passed  the  perihelion,  and  it  leaves 
12^  17'.  I*' for  the  heliocentric  place  p  of  the  comet  in  its  orbit. 

m.  The  longitude  of  n  is  27''.  25'.  14",  also  pn  =  27^  25 .  14"-  12°.  ir.l" 
=:  15**.  8'.  13";  hence,  rad.  :  cos.  pnu  =^55''.  42'.  44*'::  tan.  jpn  =  15°.  8'.  13^ : 
tan.  un  =  8°.  39'.  53"  the  distance  of  the  comet  from  the  ascending  node,  mea- 
sured upon  the  ecliptic. 

IV.  Subtract  this  value  of  t/n,  from  the  place  of  the  node,  and  there  remains 
18°.  45'.  21"=  Til  the  true  heliocentric  place  of  the  comet  reduced  to  the 
ecliptic. 

V.  As  rad.  :  sin.  ;w=  15°.  8'.  13"::  sin.  pnu=,55\  42'.  44" :  sin.  pu=  12°.  27'* 
34"  the  latitude  seen  from  the  sun,  which  is  south. 

VI.  The  true  place  T  of  the  earth  at  the  same  time  is  10\  24°.  34'.  36'; 
hence,  TSt  =35°.  25'.  24"^  therefore  TSt  +  <rSu=:TSv :=:!*.  54°.  10'.  45^ 
Also,  T5=:l,0115. 

VII..  By  Art.  646.  cos.  45°.  10'.  49'*  :  fad?::  ,67358  :  5'P=  1,3557. 

VIII.  As  rad.  :  cos.  PSv=z  12°.  27'.  34" : :  5P  =  1 ,3557  :  -$^=  1,32377* 

IX.  In  the  triangle  TSVj  we  know  TSy  Sv  and  the  included  angle  TSv; 
hence,  by  plane  Trigonometry,  we  find  the  angle  *S*2V=77^  33'.  SB^j  which 
subtracted  from  4'.  24^.  34'.  36",  the  place  of  the  sun,  leaves  2*.  7^  (f.  STj[ 
for  the  comet's  true  geocentric  longitude. 

X.  By  Art.  278,  as  sin.  54°.  10'.  45"  :  sin.  77°.  33'.  38'^::  tan.  Pife=  12°. 
•?7'.  34" :  tan.  P7\;  =  14°.  54'.  4"  the  comet's  true  geocentric  latitude^ 


To  determine  tlie  Orbit  of  a  Comet  from  -Obscfvation. 

652.  Sir  I.  Newton  first  resolved  this  problem,  which  he  called  Problema 
ionge  difficilUmum.  The  orbit  of  a  comet  may  be  computed  from  three  observa- 
tions J   but  although  tlmt  data  be  sufficient,  the  direct  solution  of  the  problem 
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is  impracticable.  Astronomers  tlierefore  have  solved  tliis  problem  by  indirect 
methods,  first  finding  an  orbit  very  near  to  the  truth  by  mechanical  and  graphi- 
cal operations,  and  Uien,  by  computation,  correcting  it,^  until  such  a  parabola 
was  fbund  as.  would  satisfy  the  observations.  We  shall  therefore  begin,  by 
showing  the  methods  by  which  the  orbit  may  be  nearly  determined;  and  tlien 
explain  the  manner  in  which  it  may  be  corrected  by  calculation. 

6^3.  M.  de  la  Lande  proposes  the  following  mechanical  method  of  finding 
the  orbit  nearly.  Divide  the  distance  of  the  earth  from  the  sun  into  ten  equal 
parts,  and  describe  ten  parabolas  whose  perihelion  distances  are,  1,  2,  3, 
&c.  of  these  parts,  and  divide  tliese  parabolas  into  days  from  the  perihelion, 
answering  to  the  motion  of  a  body  in  each.  Let  S  be  the  sun,  a,  b^  c,  the  fig. 
places  of  the  earth  at  the  times  of  three  observations  of  the  comet.  Then  take  165. 
three  geocentric  latitudes  and  longitudes  of  the  comet,  and  set  off  the  elonga- 
tions jSa«,  SbSj  Scy  in  longitude.  From  «,  A,  c,  extend  three  fine  direads  am^ 
Intj  cpy  vertical  to  aa,  ft3,  c>,  making  angles  with  them  equal  to  the  geocentric 
latitudes  respectively.  Then  take  any  one  of  tlie  parabolas,  and  placing  its 
focus  in  S  apply  the  edge  to  the  threads,  and  observe  whcdier  you  can  make  it 
touch  them  all,  and  whether  the  intervals  of  time  cut  off  by  the  tlireads  upon 
the  parabola  be  equal  to  the  respective  intervals  of  the  observations,  or  very 
nearly  so ;  and  if  these  circumstances  take  place,  you  have  then  gotten  the  true 
parabola,  or  very  nearly  the  true  one.  But  if  the  parabola  do  not  agree,  try 
otliers,  till  you  find  one  which  docs  agree,  or  very  nearly  so,  and  you  will  then 
have  got  very  nearly  the  true  parabola,  whose  inclination,  place  of  the  node, 
and  perihelion  are  to  be  determined  as  accurately  as  possible  from  mensuration ; 
also,  the  projection  upon  the  ecliptic.  If  none  of  these  parabolas  should  nearly 
answer,  it  shows,  that  the  perihelion  distance  must  be  greater  than  the  distance 
of  tlie  earth  from  tlie  sun,  in  which  case,  otiier  parabolas  must  be  constliicted  ^ 
but  this  does  not  very  oflen  happen.  This  method  will  determine  the  elements 
very  nearly ;  but  it  would  be  extremely  troublesome  to  construct  and  divide 
so  many  parabolas, .  if  we  only  wanted  to  compute  the  elements  of  one  comet ; 
for  tliose  who  purpose  to  make  many  computations  of  this  kind,  it  might  be 
worth  winle  to  have  a  set  of  parabolas  tlms  divided.  To  avoid  this  trouble 
therefore,  we  propose  to  do  it  in  the  following  manner  by  means  of  one  para- 
bola, without  dividing  it.  , 

654.  Take  a  firm,  board  perfectly  plane,  andJSx  on  paper  for  the  projection; 
let  a  groove  be  cut  near  the  edge,  and  five  perpenthculars  be  moveable  in  it,  so 
that  they  niayl)e  fixed  at  any  distances.  Let  S  represent  the  sun,  and  describe  fig. 
any  number  of  circles  about  it.  Compute  five  geocentric  latitudes  and  longi-  166, 
tudes  of  the  comet,  from  which  you  will  have  the  five  elongations  of  the  com^ 
at  the  times  of  the  respective  observations.  Draw  ISAj  Slij  SC^  SD,  SE^ 
making  tiic  angles  ASB^  BSCfCSDf  JJHEy  equal  to  the  sun's  motion  in  t^ 
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inteirvals  of  the  observations ;  and  on  any  one  of  the  circles,  tiake  the  anglci 
Saoj  Sb^^  ScTy  Sd^9  Ses  eqiud  to  the  respective  elongations  in  loi^tude,  and 
fix  the  five  perpenchculars,  so  that  the  edge  of  each  may  coixfcide  with  a^  t^  y^ 
i^  c.  From  the  points  a,  hj  Cj  d^  €^  extend  threads  to  the  respective  peipeada- 
culars,  making  angles*  with  the  plane  e^al  to  the  geocentric  latitodea  of  the 
comet ;  then  fix  the  focus  of  the  parabola  in  Sj  and  apjdy  its  edge  to  dm 
threads,  and  if  it  can  be  made  to  touch  them  all,  it  will  be  the  parabolk  re- 
qnired,  corresponding  to  the  mean  ^stance  Sa  of  the  earth,  which  we  beta  sm^ 
pose  to  revolve  in  a  circle,  as  it  will  be  sufficiently  accurate  for  our  purpose. 
If  the  parabola  cannot  be  made  to  touch  all  the  threads,  change  &e  points,  a, 
hj  c,  d^.€j  to  such  of  the  other  circles  as  you  n^ay  judge,  from  your  present 
trial,  will  be  most  likely  to  succeed,  and  try  again ;  and  by  a  few  repetitiotts 
you  will  get  such  a  distance  for  the  earth,  that  the  parabola  shall  tou^  al)  the 
threads,  in  which  position,  find  the  inclination,  observe  the  place  6£  tfa6  sode^ 
.  .  and  measure  the  perihelion  distance,  compared  with  the  eacth^s  distance,  and 
you  will  get  very  nearly  the  elements  of  the  orbit. 

655.  The  next  method  of  approidmating  to  the  orbit  of  a  comet,  wl^dli  we 
no.  shall  explain,  is  that  given  by  BoscovicR*  Let  S  be  the  sdn,  XZ  the  Ofbit  of 
167.  the  earth,  supposed  to  be  a  circle ;  Tlhe  place  of  the  earth  at  the  first  obscc^ 
vdtion,  and  t  at  the  third ;  draw  7X7,  Ic  to  represent  the  observed  longitudes  of 
the  comet ;  and  let  Z,  /,  a  be  the  longitudes  at  the  first,  second  and  third  ob- 
servations ;  m  and  n  the  geocentric  latitudes  of  tlie  comet  at  die  first  amd  tiiird 
observations ;  and  /,  7,  the  intervals  c^  time  between  the  fitat  and  second,  se- 
cond and  third  observations.  AsMtbe  C  &r  the  place  c(f  the  comet,  at  the  jfint 
observation,  reduced  to  the  ecliptic ;  then  to  det^rifiine  the  point  at  die  tlnrd 
observation,  say,  Tx  sin.  x-^/  :  /x  sin.  i-^Li:  TC  :  It,  and  c  will  be  oeailyl' 
the  place  required ;  join  CSr,  and  it  will  represent  the  path  of  the  conMt  Wi  the 
ecliptic,  upon  this  assumption.  Perpefndicidar  to  the  ecliptic  draw  C?Jt,  bhj 
taking  CK  :  TC::iSLn.  m  :  radius,  and  cA: :  Ar::tan.  n  :  radins;  join  JSTAr,  aAdft 
will  represent  the  oibit  of  the  comet,  tf  the  first  assumption  be  tme.  Bisetit 
Or  in  ^,  and  draw  J^  parallel  to  €K^  mdy  wiH  bisect  Kk;  join  yS.  Left  SIX 
=  1 J  then  if  v  be  the  mean  velocity  of  the  earth  in  its  orbit,  the  vdodty  -rf  the 

•  comet  at  y  =  -  .r^    ;  taking  therefore  v  =  37,  compute      y^^^  afid  if  this 

l>e  equal  to  Kk^  measured  by  the  scale,  the  assumed  point  C  was  the  true  point* 
But  if  these  quantities  be  not  equal,  assume  a  new  point  for  C,  in  doing  which, 

^  Tlie  easiest  and  most  cctrect  method  to  set  oflTthese  angles,  is,  fol*  ituitSnce^  to  Wtssxatt  isa,  and 
then  compute  the  perpendicuhir  frbm  the  angle;  and  the  same  for  the  rest 

t  For  the  proof  of  thU,  see  the  Author's  paper  upon  the  sah|^t  ia  hils 'O^aieti&i,  IM.  SL  ttrSk 
%.  B!ff;tJEtiEiA's  tery  takmbie  VMk  upon  Cmwts^  ^page  89. 
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the  error  of  the  first  assumption  will  direct  you  which  way,  fkomt  tixe  first  a;^ 
sumed  point,  it  must  be  taken,  and  about  how  fiu?  firom  it ;  if,  for  instance,  tha 
computed  value  o£Kk  be  greater  than  the  true  value,  and  |he  lin^s  (7^,  ck  ^aro 
dii^rgiog  from  eadi  other,  and  receding  firom  the  sun,  the  point  C  must  bq 
taken  further  from  T,  and  how  much  further  we  must  eoiQ^eture  i^rom  the  va* 
lue  of  the  error,  and  aho  from  hence,  that  the  velocity  office  oomet  diminishes 
as  it  recedes  from  the  sun.  These  considerations  will  1^  us  to  make  a  seicoqL4 
assumption  near  to  the  truth.  Having  thus  determined  the  true  points  (?* 
c,  very  nearly,  produce  eC^  kK  to  meet  at  -AT,  join  -NS,  wd  it  wiU  he  ^hq  li^e 
of  the  nodes.  Draw  O,  cz  perpendicular  to  SN^  and  the  angles  KrC^  kzc 
will  measure  Uie  inclination  o^the  orbit.  From  the  two  distances  SC^  Sc^  and 
the  angle  between,  the  parabola  may  be  (650)  constructed,  and  applied  as  in 
the  last  method)  from  which  the  time  of  passing  the  periheliqn  may  oe  found. 

656.  Another  mediod  by  wHi^h  we  may  readily  get  the  orbit  very  nearly,  is 

this.    I^t  S  be  the  sun^  Tj  t^  r  three  places  of  the  earth  at  th^  times  of  the     pig. 
three  observations  ^  extend  three  threads  7]p,  tn^  'rm  in  the  directions  of  the     i6S. 
cornet^  as  directed  in  Article  654.    Assume  a  point  £./or  the  place  of  the    . 
comet  4t  t^e  second  observation,  and  measure  Sjf  ;  tlien  i£ST=  1,  and  the  ve- 

Iwnty  of  the  earth  be  v,  the  velocity  of  the  comet  at  y  will  be  ^^—^-;  let  v  be 
represented  by  ZV,  /tj  and  upon  any  straight  edge  PQ,  set  off  eexY  ^  »* 

vcnA,  ed:^^^—j—r  y  then  apply  the  point  e  to  y^  and,  by  turning  about  the  edge» 

try  whether  you  can  make  the  pqnt  c  fall  in  2jp,  and  the  pguit  4  iu'tm;  if  y^i) 
find  this  'Can  not  be  done,  tlie  error  will  direct  you  to  assume  another  dii^tance; 
and  by  a  v^y  few  trials  you  will  find  the  pointy  where  the  pojnts  f  and  4  wiU 
fiill  in  7]p,  rut.  This  method  is  viary  easy  in  practice,  and  au^ept)y  aqourate 
to  obtain. a  distance  %  from  which  yx)u  may  begin  to  compnte^  ini  «r4^  to  find 
the  orbit  more  correctly,  when  the  comet  ia  not  too  W9^  to  ihe  ^un,  as  {  have 
found  by  experience. 

657.  Having  determined  the  parabol*  nearly,  we  first  amume  some  p^e  quan^ 
tity  as  known  at  the  first  and  aeocmd  observations,  an4  Uif^^e  compute  fhe  plaoe 
of  the  comet  at  those  timea^  aqd  also  the  time  between  t  and  if  0iat  iime  agree 
with  the  observed  interval^  you  have  got  a  parabpl^  wh j(^  agrees  with  the  two  > 
first  observations;  if  the  times  do  not  agree,  alter  pnool' the  asiufned  ^va^t 
ties^  and  see  how  it  then  agrees \  and.then,  by  th«  tvl«  «(r6}M,  you  may  qor^ 
rect  the  supposition  wdbich  vaa  akered,  and  get  a  pftnbola  which  will  agree 
^  lib  &e  two  first  dbservaftipns.  In  lijce  manner,  by  a}teiipg  l^e  oth^  assumed 
quantity,  you  get  another  paf aMa  agreeing  witfe  ih«  tw»  first  Qbsery«tioj9a« 
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Then  ace  how  they^  agree  with  thq  Wiird  obsen-ation,  and  if  they  do  not;:*"  cor-- 
tection  must  be  made  by  prbportiotii  and  the  three  observatioas  will  hie *|tikgu«r. 
fed.     But  tliis  M<H  be  best  eKphtincd  by  an  example;  we  shall thertfore^ to 
that  which  IB  fjiveti  TjyM,  d*  la  Gaille  in  his  Astronomy,  and  explain  the 
method  of  computation,  and  the  reasoni^of  the  whole  operation*  .  f 

658.  In  the  year  1739,  M.  Zanotti,  iit  Bologna,  made  the  following  obser^ 
nations  on  a  comet,  where  the  mean  time  is  reduced  to  the  meridian  of -PltriB. 
Both  the  comet  s(nd  its  tail  were  most  \ivid  about  the  middle  of  June,  and  there* 
fore  it  must  have  be6n  in  its  perihelion  about  that  time. 


.  ^  4. 


.  .       .    • 

Ix)ngitudc.    '  '•  latitude.. 

May  28,  at    8\48'^  1    -    '-7°.    e'  V  ^*--  -.  2^.  yN.' 

JuTy       •     25,-13.59     -     -     -    16.     1    n    -,  7-'.  -  ^  2.  27'X. 

27,-14.     8         •     -•  15.  26'n''.-  ^1  - .;  1..     S  N. 

August        2,-13.     5     -     •     -    13.  34    ii    -     -  ^- '      2.  48  S. 

— : 4, —  13.   12     ^     .     .    12.  53Ali    -     -  i        4.   13  ST  ' 

10,— 12.  49     -     -     -10.  SS.^H    -     -  -^       8.  i.SS/' 

17, —  14.  20     -     -     -      7.      1    n    i     -•  '-  14.  57  k   • 
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.659.  From  these  observations,  let  the  orbit  of  the  comet  be  determined  and 
projected  upon  the  ecliptic,  as  nearly  as  possible,  by  one  of  the  methods  already 
vio.  explained,  and  let  XZbe  the  projection,  and  S  the  sim;  then  the  projection 
169.  shows  the  comet  to  be  retrograde.  The  method  used  by  M.  de  la  Caille,  is 
that  which  was  first  proposed  by  Sir.  I.  Newton  in  his  Algebra,  by  cutting  four 
light  lines  by  another  right  line,  so  that  tlie  parts  intercepted  may^  be  equal ; 
but  this  problem  is  unlimited.  In  consequence  of  his  using  this  method,  he 
was  obliged  to  interpolate  and  get  tlie  latitude  and  longitude  at  four  equidis- 
tant times,  one  of  which  was  August  6,  at  midnight,  at  which  time  the  comet^s 
geocentric  longitude  was  found  to  be  2*.  12^  17',  the  sun's  longitude  4'.  1^. 
55^,  its  distance  from  the  earth  101 36,  and  the  comet's  western  elongation,  irom 
the  sun  w*as  61^  38'.  This  time  is  one  which  he  assumes;  but  by  our  metbodsy 
one  of  the  times  of  the  observations  might  have  been  used  instead. 
-  660.  The  comet  passing  from  north  to  south  latitude,  or  through  the  de- 
scending  node,  between  July  27,  and  August  2,  interpolate  the  observations  on 
July  2*5,  27,  and  August  2,  to  find  the  time  and  place  when  the  comet  had 
no  latitude ;  this  is  found  to  be  on  July  29,  at  8/1.  48'  mean  time  in  14^.54'n ; 
at  which  time,  the  sun's  place  was  4*.  6^  T.  10%  which  gives  the  comet'a  elon- 
gation west  51°.  13'.  10';  and  its  distance  from  the  earth  was  10149,5. 

661.  On  May  28,  at  Sk.  48'  mean  time,  the  sun's  place  was  in  2*.  6*".  56*.  lO''; 
and  therefore  the  comet's  elongation  was  to  the  east  of  the  sun  30^  9'.  50%  and 
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<he  sun's  distance  from  tUe  cirth- was  10142.     The  interval  of  time  between 
this  and  when  the  comet  was  in  its  node  is  62  days. 

'  662.  Now  to  find  a  parabola  which  answers  to  tliese  two  times  on  May  28, 
and  July  29,  let  a  be  tlie  place  of  the  earth  on  August  6,  at  midnight,  make  the 
angles  aiX,  aSK  equal  to  the  motion  of  tlie  earth  from  May  58,  at  8A.  48',  and 
Jidy  29,  at-8A.  48',  to  Aug.  6,  at. midnight,  and  take  67.  =  10148,5,  and  >S'A'  = 
10142,  then  will  L  and  K  be  tlie  respective  places  of  the  earth  at  the  two  for- 
iher  times;  and  make  the  angles  SLAT,  SKM  equal  to  51^  liJ'.  10",  and  SO"". 
9'.  50",  the  respective  western  and  eastern  elongations  of  the  comet,  and  AT  and 
M  will  be  the  corresponding  places  of  tlie  comet  on  the  ecliptic,  and  A"  the 
node.  Measure,  upon  the  scale,  the  lines  SM  and  SN^  and  suppose  them  to 
be  found  5500  and  10700. 

663.  First  Suppositiotu  Let  .Vil/=  5500, -SA^rz  10700.  Now  in  the  triangle 
SKM,  we  have  *S'A:=  10142,  /SJ/=5500,  and  the  angle  SKMz:zQO\  9',  50  ; 
hence,  the  angle  KSMzzSl^.  54\  8";  which  subtracted  from  tlie  longitude  of 
K=  S\  6°.  56'.  10",  leaves  5\  15°,  2'.  2"  for  the  hehocentric  longitude  of  the 
cotnet. 

664.  By  Art.  278.  sin.  ang.  SKMzzSOP.  9\  5Cl'  :  sin.  ang.  KSMizSl''.  54\  8" 
:  :  tang.  geoc.  lat.  27^.  9'  :  tang.  hel.  lat.=45^  17'.  49"i.  And  (plane  Trig.) 
^os.  hel.  lat.=45^  17'.  49"^  :  rad.  ::curt.  dist.  .S'M=5500  :  7818,84  the  true 
(listance  of  the  comet  from  tlie  sun  in  the  plane  of  its  orbit. 

665.  For  the  position  on  July  29,  in  the  triangle  SLN^  we  have  iSX=  10148, 
5,  SNzi:  10700,  and  the  angle  SLN^zSl"".  13'.  10";  hence,  the  angle  LSN  = 
81°.  6'.  1^  which  added  to  tlie  longitude  of  X=:10*.  6^.  7'.  10%  gives  O*.  27^ 
13'.  l7-'4  for  the  heliocentric  longitude  of  the  comet.  Now  as  the  comet  is  in 
its  node  at  A^,  LN  is  the  true  distance  of  the  comet  from  the  sun,  and  its  lati- 
tude is  nothing. 

666.  As  the  difference  of  the  heliocentric  longitudes  of  the  comet  is  137^ 

48'.  44"i^  take  an  arc  MN  equal  to  that  quantity,  and  make  a  spherical  Irian-      fig. 
gle,  right  angled  at  Af,  whose  perpendicular  il/»t=45°.  17'.  49"^^,  the  comet's      170. 
heliocentric  latitude  on  May  28  ;  and  Nm  will  measure  the  angle  described  by 
the  comet  about  the  sun  in  the  interval  of  these  two  times;  now  rad.  :  cos.  MN 
=137^.  48'.  44"^::  cos.  Mmzz^S^.  17'.  49"|  :  cos.  A>/=12r.  24'.  48"*. 

667.  Hence,  if  iVAZ  be  tlie  true  parabola  which  the  comet  describes  about      j.^^ 
the  sun  5',  we  have  found  SNzulO^OOy  -Swizi 78 18,84,  and  the  angle  mSNy=i     171, 

♦  If  the  comet  had  not  been  in  its  node  N  at  one  of  the  times,  but  at  m\  and  m'iW  be  perpendicular 
to  SM,  the  heliocentric  latitude  M'm  must  have  betn  calculated,  and  then  fiom  knowing  two  helio- 
centric latitudes  Mm,  M'm',  and  difRrence  M^^  of  longitudes;  we  can  (281,  or  282)  find  the  place  of 
the  node  N,  and  the  inchnation  of  the  orbit ;  and  then  calculating  Am,  iV;i,  we  get  mm  the  an;^o 
which  the  comet  has  described  about  the  ^\n ;  and  from  the  curtate  distance  at  M',  and  the  heliocentric 
htitude,  we  can  fiiid  the  di&taiicc  of  the  comet  from  the  ^wn,  as  at  the  other  time. 


43A  OK  THE  UOTIOK  0&  C0HET8. 

121^.  £4'.  48%  to  determine  the  angles  ASm^  ASN^  and  the  perihelion  dis. 

tancc  AS. 

668.  By  Art.  648.  take  half  the  difference  of  the  logarithms  of  SN  and  Sm^ 
which  is  0,0681219  add  10  to  the  index,  and  it  becomes  10,068121  ^  which  ift 
the  log.  tangent  of  49^.  28".  31%  fiom  which  subtract  45^,  and  there  remains 
4^  28'.  31*;  hence  (649),  rad.  :  tang.  4^  28'.  31'::  cot.  ^  NSA^mSA:sXf. 
2l\  12*  :  tan.  7^  36'.  45*^  which  is  i  of  NSA-^mSA;  hence,  knowing  the 
sum  and  difference  of  ASN^  ASm^  we  find  ASN-fSf^.  5^.  5!f^  and  mSAss 
45*.  28'.  S3*,  the  true  anomalies. 

669.  To  find  SA,  we  have  (646),  fad/  :  cos.  ^  ^5m*  =  22^  44'.  SC*!:: 
7818,84  :  ^5=6650,5,  the  mean  distance  of  the  earth  from  the  sunbein^ 
10000 ;  but  if  we  call  that  distance  unity,  then  AS^OJB^SOS. 

67a  Now  (Tabic  III )  the  number  of  days  corresponding  to  the  anomali^ 
45''.  28'.  53"  and  75^.  S^.  55!'^  are  36,4781  and  77,1725,  whose  smn  is  11 3,6506  ^ 
hence  (645),  if  to  i  log.  of  0,66505  we  add  the  log.  of  113,6506,  we  have  the 
log.  of  61,638  dap  for  the  time  from  m  to  N^  which  should  have  been  62  days. 
Hence  we  must  make  a  new  suppoaition. 

67 1 .  Secofid  Supposition.  Let  SM^  5600,  and  SN=i  10700  as  before.  Then, 
proceeding  as  before,  the  heliocentric  longitudes  Mill  be  found  to  be  5*.  12*. 
38'-  and  0\  S7^  13'.  17'^;  tlie  latitude  on  May  28, =45^.  26'.  32*'|^;  the  log.  of 
Am— 3,902083  ;  the  angle  fn5.^=^45\  S2'-  40"^,  NSA=74\  26*.  T^,  the  days 
(Table  XXL)  corresponding  to  whicli  are  36,541  and  74,448  ;  the  logarithm  of 
SA  is  9,831591,  calling  the  mean  distance  of  tlie  earth  unity  j  hence  we  havd 
tlic  time  from  wi  to  -AT'  =  62,039  days. 

672.  Hence,  by  increasing  SM  100  parts,  the  time  has  been  increased  0,401 
days;  therefore,  by  the  rule  of  false,  0,401  :  100::  0,362  of  a  day  (the  number 
wanting  in  the  first  supposition)  :  90,5  j  increase  therefore,  SM  in  the  first  sup^ 
position  by  90,5,  instead  of  100. 

673.  Third  Supposition.  Let  ^^i!/ =5590,5,  *S'3r=10700.  Tlien,  by  a  like 
proceeding,  the  heliocentric  longitudes  will  be  found  to  be  5\  12^  50'.  53'i^nd 
cr.  27''.  13'.  17":]  i  the  latitude  on  May  28,=45^  25^.  5^" \  the  log.  of  Smzi 
3,901264  V  the  angle  mSA:^4^.  32'.  8",  NSA-l^"".  34'.  16%  the  days  (Table 
III.)  corresponding  to  which  are  36^531  and  74,693 ;  the  log.  of  SA  is  9,830802$ 
hence  we  have  the  time  from  m  to  2^=62,001  days,  which  answers  very  accu- 
rately to  the  observed  time.  A  parabola  therefore  being  found  which  agrees 
with  two  observations,  we  must  see  how  it  will  agree  with  some  third  obser\*a- 
tion,  for  instance,  that  on  August  17.  To  do  this,  we  must  first*  find  all  the 
other  elements  of  the  parabola. 

674.  Now  the  descending  node  iV^is  in  0*.  27^  IS'.  17';  add  to  this  the  angle 
A^^;.4=74^  S4'.  16",  and  it  gives  3*.  21°.  47'..33'',  for  the  longitude  of  the  peri* 
hclion  ou  its  orbit.     The  time  in  the  Table  corresponding  to  the  angle  NSA 
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is  H,69S$  hmce  (645%  t&  1  log.  of  SA  add  the  b(^.  of  74^89  and  it^v» 
the  log.  of  41,6374  days,  the  time  of  describing  the  angle  ASN;  subtract  this 
ftoin  Joly  Sidy  Sh.  tS\  itie  time  *wlien  the  comet  wis  in  its  node,  and  it  ^ves 
June  17,  nh.  SO'tSie  time  when  the  comet  was  in  its  perihelion.  Ako^ie 
2fMsSil90\  i.  34%  and  Afm^*flr'.  «5^  54",  tiie  angle  MNm^SS^.  26'.  ir, 
the  indisatioii  of  the  orbit. 

675.  IVom  tJiese  elements,  calcukte  (651)  tlie  geocentric  longitude  of  the 
comet  at  some  other  time  at  which  it  was  observed,  for  instance,  on  August  1 7^ 
at  I4h.  so;  s»d  it  Will  be  found  to  be  in  s  6^  55^.  87',  difiering  S'.  SS"  fbom  ob- 
Mrvaticm  4  the  parabola  therefore  does  not  satisfy  this  third  obserration.  We 
most  therefore  make  smother  supposition. 

676.  Fourth  Supposition.  Let  SM^SBOO  and  3N  ^10600.  Then,  proceed- 
ing  as  be&re,  the  liielipcentdc  longitudes  are  5*,  IS^.  af.  i*  and  0\  2T.  47'.  4"^ 
fyt  May  its  and  Joly  29,  the  latitude  on  May  28,s47^.  17'.  49'^  -,  the  loga- 
rithmofiSfi2i:S>89Sl43;  the  angle  JN£i<»:44^  49'.  57%  NSAn'!&'.  16.  5'; 
^e  corresponding  days  (T^le  UL)  are  55^365  and  77,8032 ;  and  the  loga- 
rithm of  SA»s^9^824»9S ;  hoice,  the  time  from  m  to  i^T's:  62,068  days. 

677.  This  mfpposition  compared  with  die  first,  shows,  that  by  increasing  SN 
tfy  lOD,  liie  time  has  been  increased  0,43  days  ;  hence,  0,43  z  100 ::  0,362  (tlie 
defect  of  the  time  from  the  first  supposition)  :  84  the  quantity  by  wiiich  SN 
t^ould  liave  been  increased  in  tiie  first  suppontion,  to  have  made  the  time  62 
-days.    H'eKice, 

eTS^  J^tk  SupposUian.  Let  SMtmSSOO  and  SN^  10784.  Then,  as  befiire, 
ijbtt  twpectiw  heHocentric  longitodes  will  be  fisund  to  be  5*.  is\  2'.  2"  and 
0-.  27^  42'.  25" ;  the  latitude  =  45^.  17'.  49^^^ ;  tlie  logariAm  of  An = 3,893142  ; 
fte  angle  inSAz::^''.  SS^.It^^'jNSArz'l^.  12.  43';  the  correiqKmding  days 
<(Tab)e  III.)  are  35,934  and  76,697 ;  the  logarithm  of  SA  s  9,824588 ; 
bence,  the  time  firom  fmio  JVrr  61,999  days,  answering  extremely  near. 

679.  Determine  (671)  tiie  other  elements  of  the  orbit,  and  we  diall  find  the 
4e6cendhig  node  in  O".  27^  42^.  25* ;  the  perihelion  in  3*.  l3^  SS^.  9!* ;  the  time- 
<^1iie  piBSi^  through  the  perihelion  June  16,  at  23h.  23' ;  and  the  indinatioii 

680.  With  tiiese  etemeocts,  calculate  (^l)  the  geocentric  longitude  of  tiie 
comet  on  August  17,  at  14A.  20',  and  it  wdU  be  found  in  n  7^.  8'.  42^^,  which 
•exceeds  that  by  observation  by  7'.  42\ 

681.  >fow  as  the  corrections  made  to  the  distances  SM^  SN  are  very  nearly 
in  proportion  to  the  difierences  between  the  calculations  and  the  observations,, 
we  have,  as  5^.  23'  +  7'.  42''  (the  sum  of  the  errors,  or  dilBferences  between 
the  calculations  and  observations)  :  5'.  23"  (the  error  irom  the  third*  rap- 
position)  ::  90,5  and  84  (the  corrections  made  to  SMy  SN)  t  36,75  and  34^ 
the  corrections  necessary  to  be  made  to  satisfy  all  the  conditions.     If  the 
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two  errors  had  been  of  the  same  kind,  ihe  first  term  must  have  been  tbdr 
difference. 

682.  To  apply  these  corrections,  it  is  manifest,  from  comparing  the  com« 
:piitatiojis  with  the  observations,  that  SAI  is  too  much  in  the  third  suppo- 
sition, and  too  little  in  the  fifUi ;  therefore  subtract  36,75  from  5590^  and 
it  gives  5553,75  for  SM ;  and,  tliat  the  time  may  remain  the  same,  add  34 
to  AW  in  the  third  supposition,  and  it  gives  SN=z  10734.  With  these  values 
make  a 

.683.  Sixth  Suppositlm.  Let  SMzzBSSS^lSj  *S2V=  10734.  Compute  as  be- 
fore, and  the  heliocentric,  longitudes  will  be  found  to  be  5'.  13^  42'.  15*,  and 
0'.  27°.  25'.  14" ;  the  latitude  =  45°.  23'.  9"  on  May  28  ;  the  logarithm  of  Sm:s. 
3,898045;  the  angle  mSAr^AtS''.  !&.  54",  NSAzizna"".  13'.  26%  the  days  (Table 
III.)  coiTCsponding  to  whicli  are  36,28  and  75^872;  the  logarithm  of  SAzs. 
9,828388,  and  Uie  time  fit)m  m  io  N  is  62  days.  Hence,  from  these  correct 
elements,  as  before  explained,  the  place  of  the  descending  node  is  found  to  be 
ill  0\  27^  54'.  14" ;  the  place  of  tlie  perihelion  in  3  .  12^  38'.  40" ;  the  passage 
through  the  perihelion  June  17,  at  lOA.  9\  30"  mean  time ;  the  inclination  of  the 
orbit-  55°.. 42.  44" ;  and  tlie  true  place  of  tlie  comet  (651)  on  August  17,  at 
,  1 4/r.  20'  is  in  7''*  O'.  57"^  n ,  witli  J  4°.  54'.  4*.  south  latitude,  agreeing,  very  nearly^ 
with  the  observations. 

.  684.,  When  we  compute  to  see  how  the  assumptions  agree  witli  the  obser- 
vations on  August  17,  we  might  have  compared  the  latitudes  instead  of  the  lonr 
^itudcs ;  and  it  will  be  best  to  do  so,  when  the  latitudes  vary  faster  than  the 
longitudes,  wliich  will  happen  wlien  the  inclination  of  the  orbit  is  very  consider- 
able,* and  tlic  comet  near  the  node. 

685.  If  it  so  happen  that  the  node  docs  not  lie  so  near  the  observations  that 
its  place  can  be  found  by  inteq)olation,  after  finding  tlie  orbit,  compute  two 
lielioceiitric  latitudes  and  longitudes  near  to  tlie  node,  and  then  (281,  or  282) 
the  place  of  the  node,  and  tiie  inclination  of  the  orbit  may  be  found  at  the  same 
time,  '  Iq  this  c:vse,  one  of  the  first  assumed  times  docs  not  give  the  projected 
poittt  N  tliat  of  the  node  ;  but  this  makes  no  difference  in  the  operation,  except 
that  we  must  then  compute  the  hehocentric  latitude  (as  at  the  other  timc)^.ip 
order  to  get  the  distance  of  the  comet  from  the  sun,  and  the  angle  described 
-about  the  sun,  as  explained  in  the^5/  supposition. 

686.  As  the  comets  do  not  move  in  paraboLis,  but  in  very  excentric  ellipseii 
it  is  impossible  to  find  a  parabola  agreeing  accurately  to  all  tlie  data  ;  it.will  be 
sufficient  therefore  when  it  agrees  very  nearly.  If  after  assuming  SM^  SNjyon 
find  the  result  to  differ  very  considerably  from  observation,  the  proportion  will 
not  give  you  their  values  sufficiently  near ;  in  that  case,  you  must  compute 
again  the  error,  and  repeat  the  operation  till  the  result  from  the  computixtion 
4docs  agree  with  the  observations. 
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687.  In  Art.  266,  it  is  proved,  that  if  you  increase  any  one  quantity  in  the 
data  from  which  a  calculation  is  to  be  made,  by  a  very  small  quantity,  the  result 
will  vary  in  proportion  to  that  increase.  Hence,  the  reason  ol'  the  whole  ope- 
ration will  be  manifest  from  this  Table. 


V'Sup. 

2"  Sup.S"^  Sup}4>'*' Sup. 

o^'iup: 

i 

s^  Sup} 
1 

SM— 

A 

A  +  a 

A+a 

A 

A 

A+a 

A 

A   -^-  a  +  -a' 

SN— 

B 

B 

B 

B  +  b 

B  +  0 

B 

n+^ 

B  +  ^' 

m 
Error  ii 

n 
a  the  in 

0 

terval  o 

r 
f  Time. 

0 

X 

Error 

y         0 

in  Long,  or  Lat. 

688.  Tlie  suppositions  A  and  B  produce  an  error  m;  also,  A-va  and  B  pro- 
duce an  error  n;  hence,  from  what  we  have  just  now  explained,  as  the  differ- 
ence of  the  results  m±n  (according  as  the  errors  are  of  different  or  the  same  af- 
fections) must  vary  as  a  varies,  m±n  :  mwa  :  a  the  quantity  by  which  we  must 
alter  A^  in  order  to  destroy  the  error  w,  or  to  make  the  error =0.  In  like 
manner,  the  suppositions  A  and  jB  + J  produce  an  error  r;  therefore  fn±r  :  m 
::b  :  S  the  quantity  by  which  B  must  be  altered  in  order  to  destroy  the  error 
m.  Hence,  we  have  got  two  suppositions,  or  two  parabolas,  which  will  answer 
the  first  condition,  that  is,  of  the  time.  Now  for  the  second  condition,  the 
third  and  fiflh  suppositions  will  produce  an  error  of  x  and  y  respectively ;  one 
of  these  suppositions  therefore  must  be  corrected,  so  that  no  error  may  remain 
in  either  condition ;  let  therefore  -4  +  «  +  «  and  B  +  ffhe  the  values  of  SAI  and 
SN  to  satisfy  both.     Now  A  altered  by  «  produces  an  effect  wi,  for  it  corrects 

ma 

the  whole  error ;  hence,  «  :  «  : :  m  :  —  the  error  that  would  be  made  by  alter- 

a 

ing  A  by  a ;  and  as  B  altered  by  /S  produces  an  effect  m,  we  have  P  :  ^'::  m  : 

—  the  eflect  that  would  arise  by  altering  B  by  0;  hence,  that  no  error  may  be 
p 
produced  in  the  time  in  tlie  third  supposition,  by  adding  «  to  ^  +  «,  and  ^  to 

-B,  these  two  effects  thus  produced  must  destroy  each  other,  or  ^  -h  —  =0, 

or^=  -|^.  Hence,  that  no  error  may  be  made  in  the  time  in  the  third  suppo- 
sition, by  altering  the  values  SM  and  -SA^,  the  increments  or  decrements  must 
be  in  the  ratio  of  a  :  /?;  this  was  done  in  Art.  681.  and  therefore  the  first  con- 
dition  will  remain  fulfilled.  Now  the  changing  of  ^  -h  «  to  -4,  and  of  B  to  B 
+  /?,  together  produce  an  effect  a?±y,  according  as  they  are  of  difierent,  or  the 


VOL.  I. 


3  L 


442  ON   Tim  MOTION   OF   COMETS. 

same  afiections ;  hence,  to  produce  the  effect  x^  or  to  destroy  that  ercor,  89^ 
the  effect  is  in  proportion  to  the  variations  of  A  and  JB,  x  ±y  :  xwa  and  &  :  ^ 
and  0^  the  corrections  to  be  applied  to  ^  +  a  and  B  to  fulfil  the  second  condi* 
tion,  or  make  the  error  i=Oj  and  this  also  took  place  in  Art.  681.  Hence,  by 
assuming  SM=  ^  -f  «  +  «,  and  SN::z  jB  -h  ^,  both  errors  are  destroyed.  Although 
fl,  i,  a,  0,  a,  0j  are  annexed  to  A  and  B  by  the  sign  -f ,  yet  it  must  be  under* 
stood  that  the  sign  must  be  +  or  — ,  according  to  circumstances. 

689.  Wlien  great  accuracy  is  required,  we  must  take  into  consideration^  the 
effect  of  aberration  and  parallax ;  the  former  may  be  computed  by  Art  532. 
and  the  latter,  by  taking  the  horizontal  parallax  :  that  of  the  sim=:8",75  ::  the 
distance  of  the  sun  :  the  distance  of  the  comet,  and  then  finding  the  parallax 
in  latitude  and  longitude,  as  for  the  planets. 

Ex.  On  August  21,  1769,  the  diurnal  motion  of  a  comet  was  68'  i«  longi- 
tude, and  25'  in  latitude,  and  its  distance  from  the  earth  0,667.  Hence  (532) 
the  aberration  in  longitude  =  14",  and  in  latitude  =  6",  both  to  be  added.  Now 
the  apparent  longitude  was  47**!  l'.  31",  and  latitude  5°.  53'.  48'';  hence  the  ap- 
parent longitude  corrected  for  aberration  was  47*^.  l'.  45",  and  latitude  5^.  53'* 
54".  Also,  0,667  :  1 : :  8",75  :  1 3"  the  horizontal  parallax.  Hence,  the  paral- 
lax in  longitude  is  found  to  be  4",  to  be  added  to  the  true,  to  give  the  apparent 
longitude,  and  as  the  true  longitude  (by  computation)  was  47°.  2'.  3",  the  ap- 
parent ought  to  have  been  47^.  2'.  7";  hence  the  error  in  longitude  was  22** 
Also,  the  parallax  in  latitude  was  10",  to  be  added  to  the  true,  to  give  the  apr 
parent  latitude,  and  as  the  true  latitude  (by  computation)  was  5^  54'.  16*,  the 
apparent  ought  to  have  been,  5®.  54'.  26";  hence  the  error  in  latitude  was  SS*. 

690.  It  is  extremely  difficult  to  determine,  from  computation,  the  eUiptic/ 
orbit  of  a  comet,  to  any  degree  of  accuracy ;  for  when  the  orbit  is  very  excen- 
tric,  a  very  small  error  in  the  observation  will  change  tlie  computed  orbit  imto 
a  parabola,  or  hyperbola.  Now,  from  the  thickness  andinequahty  of  the  atmo^ 
sphere  with  which  the  comet  is  surrounded,  it  is  impossible  to  determine,  with 
any  great  precision,  when  either  the  limb  or  center  of  the  comet  pass  the.  wire 
at  the  time  of  observation.  And  this  uncertainty  in  the  observations  will  sub- 
ject the  computed  orbit  to  a  great  error.  Hence  it  happened,  tliat  M.  Bouguer 
determined  the  orbit  of  the  comet  in  1729  to  be  an  hyperbola.  M.  Euler 
first  determined  the  same  for  the  comet  in  1744;  but  having  received  more 
accurate  observations,  he  found  it  to  be  an  ellipse.  The  period  of  the  comet 
in  1680  appears,  from  observation,  to  be  575  years,  which  M.  Euler,  by 
his  computation,  determined  to  be  166^  years.  The  only  safe  way  to  get  the 
period  of  comets,  is  to  compare  the  elements  of  all  those  which  have  been  com- 
puted, and  where  you  find  they  agree  very  well,  you  may  conclude  that  they 
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^are  elements  of  the  same  comet,  it  being  so  extremely  improbable  that  the 
orbits  of  two  different  comets  should  have  the  same  inclination,  the  same  peri- 
heUon  distance,  and  the  places  of  the  perihelion  and  node  the  same.     Thus, 
knowing  the  periodic  time,  we  get  the  major  axis  of  the  elHpse ;  and  the  peri- 
helion distance  being  knotvn,  the  minor  axis  will  be  known.     When  the  ele^ 
ments  of  the  orbits  agree,  tlie  comets  may  be  the  same,   although  the  periodic 
times  should  vary  a  little ;  as  that  may  arise  from  the  attraction  of  the  bodies 
in  our  system,  and  which  may  also  alter  all  the  other  elements  a  little.     We 
have  already  observed,  that  the  comet  which  appeared  in  1759,  had  its  periodic 
time  increased  considerably  by  the  attraction  of  Jupiter  and  Saturn.     This 
comet  was  seen  in  1682,  1607  and  15S1,  all  the  elements  agreeing,  except  a 
little  variation  of  the  periodic  time.     Dr.  Halley  suspected  the  comet  in  1680, 
to  have  been  the  same  which  appeared  in  1106,  531,  and  44  years  before 
Christ.     He  also  conjectured,  that  the  comet  observed  by  Apian  in  1532,  was 
the  same  as  that  observed  by  Hevelius  in  1661 ;   if  so,  it  ought  to  have  re- 
turned in  1790,  but  it  has  never  been  observed.     But  M.  Mechain  having  col- 
lected all  the  observations  in  1532,  and  calculated  the  orbit  again,  found  it  to 
be  sensibly  different  from  that  determined  by  Dr.  Halley,  which  renders  it 
very  doubtful  whether  this  was  the  comet  which  appeared  in  1661  ;  and  this 
doubt  is  increased,  by  its  not  appearing  in  1790.      The  comet  in  1770,  whose 
periodic  time  M.  Lexell  computed  to  be  5  years  and  7  months,  has  not  been 
observed  since.    There  can  be  no  doubt  but  tiiat  thfe  path  of  this  comet,  Tor 
the  time  it  was  observed,  belonged  to  an  orbit  whose  periodic  time  was  that 
feund  by  M.  Lexell,  as  the  computations  for  such  an  orbit  agreed  so  very  well 
with  the  observations.     But  the  revolution  was  probably  longer  before  1770 ; 
for  as  the  comet  passed  very  near  to  Jupiter  in  1767,  its  periodic  time  might  be 
sensibly  increased  by  the  action  of  that  planet ;  and  as  it  has  not  been  observed 
since,  we  may  conjecture,  with  M.  Lexell,  that  having  passed  in  1772  again 
into  the  sphere  of  sensible  attraction  of  Jupiter,  a  new  disturbing  force  might 
probably  take  place  and  destroy  the  effect  of  the  other.     According  to  the 
above  elements,  the  comet  would  be  in  conjunction  with  Jupiter  on  August  23, 
1779,  and  its  distance  from  Jupiter  would  be  only  tJt  of  its  distance  from  the 
sun,  consequendy  the  sun's  action  would  be  only  Tir  times  that  of  Jupiter. 
What  a  change  must  this  make  in  tiie  orbit !    If  the  comet  returned  to  its  peri- 
helion in  March  1776,  it  would  then  not  be  visible.     See  M.  Lexell's  account 
in  the  Phil.  Trans.   1779.     The  elements  of  the  orbits  of  the  comets  in  1264         , 
and  1556  were  so  nearly  the  same,  that  it  is  very  probable  it  was  the  same 
comet  \  if  so,  it  ought  to  appear  again  about  the  year  1 848. 
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On  the  Nature  and  Tails  of  Gome ts. 

691.  Comets  are  not  visible  till  they  come  into  tlie  planetary  regions.  ITiey 
are  surrounded  with  a  very  dense  atmosphere,  and  from  the  side  opposite  to 
the  sun  they  send  fortli  a  tail,  which  increases  as  the  comet  approaches  its  peri- 
helion, immediately  after  which  it  is  longest  and  most  luminous,  and  then  it  is 
generally  a  little  bent  and  convex  towards  those  parts  to  which  the  comet  is 
moving  ;  the  tail  tlicn  decreases,  and  at  last  it  vanishes.  Sometimes  the  tail  is 
observed  to  put  on  this  figure  towards  its  extremity  ^,  as  that  did  in  1769.  The 
smallest  stars  are  seen  through  the  tail,  notwithstanding  its  immense  thickness, 
which  proves  that  its  matter  must  be  extremely  rare.  The  opinion  of  the  an- 
cient philosophers,  and  of  Aristotle  himself,  was,  that  the  tail  is  a  very  thin 
fiery  vapour  arising  from  the  comet.  Apian,  Cardan,  Tyciio,  and  others,  be- 
lieved that  the  sun's  rays  being  propagated  through  the  transparent  liead  of  the 
comet,  were  refracted,  as  in  a  lens.  But  the  figure  of  the  tail  does  not  answer 
to  this ;  and,  moreover,  there  should  be  some  reflecting  substance  to  render  the 
rays  visible,  in  like  manner  as  there  must  be  dust  or  smoke  flying  about  in  a 
dark  room,  in  order  that  a  ray  of  light  entering  it  may  be  seen  by  a  spectator 
standing  side-ways  from  it.  Kepler  supposed,  that  the  rays  of  the  sun  cany 
away  some  of  the  gross  parts  of  the  comet  which  reflects  the  sun*s  rays,  and 
gives  the  appearance  of  a  tail.  Hevelius  tliought,  that  the  thinnest  parts  of 
the  atmosphere  of  a  comet  are  rarefied  by  the  force  of  the  heat,  and  driven 
from  the  fore  part  and  each  side  of  the  comet  towards  the  parts  turned  from  the 
sun.  Sir  I.  Newton  thinks,  that  tlie  tail  of  a  comet  is  a  very  thin  vapour, 
which  the  head,  or  nucleus  of  the  comet,  sends  out  by  reason  of  its  heat.  He 
supposes,  that  when  a  comet  is  descending  to  its  perihelion,  the  vapours  be^ 
hind  the  comet  in  respect  to  the  sun,  being  rarefied  by  the  sun*s  heat,  ascend, 
and  take  up  with  them  the  reflecting  particles  with  which  the  tail  is  composed, 
as  air  rarefied  by  heat  carries  up  the  particles  of  smoke  in  a  chimney.  But  as 
beyond  the  atmosphere  of  the  comet,  tlie  cetherial  air  (auram  cetheream)  is  ex- 
tremely rare,  he  attributes  something  to  the  sun's  rays  carrying  with  them  the 
particles  of  the  atmosphere  of  the  comet.  And  when  the  tail  is  thus  formed, 
it,  like  the  nucleus,  gravitates  towards  the  sun,  and  by  the  projectile  force  it  re- 
ceived from  the  comet,  it  describes  an  ellipse  about  the  sun,  and  accompanies 
the  comet.  It  conduces  also  to  the  ascent  of  these  vapours,  that  they  revolve 
about  the  sun,  and  therefore  endeavour  to  recede  from  it  j  whilst  the  atmosphere 
of  the  sun  is  either  at  rest  or  moves  with  such  a  slow  motion  as  it  can  acquire 
from  the  rotation  of  the  sun  about  its  axis.  These  are  the  causes  of  the  ascent 
of  the  tails  in  the  neighbourhood  of  the  sun,  where  the  orbit  has  a  greater  cur- 
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vature,  and  the  comet  moves  in  a  denser  atmosphere  of  the  sun.    The  tail  of  the 
comet  therefore  being  formed  from  the  heat  of  the  sun,  will  increase  till  it  comes 
to  its  perihelion,  and  decrease  afterwards.     The  atmosphere  of  the  comet  is 
diminished  as  the  tail  increases,  and  is  least  immediately  after  the  comet  has 
passed  its  perihelion,  where  it  sometimes  appears  covered  with  a  tliick  black 
smoke.     As  the  vapour  receives  two  motions  when  it  leaves  tlie  comet,  it  goes 
on  with  the  compound  motion,  and  therefore  the  tail  will  not  be  turned  directly 
from  the  sun,  but  decline  from  it  towards  those  parts  which  are  left  by  the 
comet ;  and  meeting  with  a  small  resistance  from  the  aether,  will  be  a  little 
curved.     When  the  spectator  therefore  is  in  the  plane  of  the  comet's  orbit,  the 
curvature  will  not  appear.     The  vapour  tlius  rarefied  and  dilated,  may  be  at 
last  scattered  through  the  heavens,  and  be  gathered  up  by  the  planets,  to  sup- 
ply the  place  of  those  fluids  which  are  spent  in  vegetation  and  converted  into 
earth.     This  is  the  substance  of  Sir  1.  NhWTON's  account  of  the  tails  of  comets. 
Against  this  opinion.  Dr.  Hamilton,  in  his  Philosophical  Essays^  observes, 
that  we  have  no  proof  of  the  existence  of  a  solar  atmosphere ;  and  if  we  had, 
that  when  the  comet  is  moving  in  its  perihelion  in  a  direction  at  right  angles 
to  the  direction  of  its  toil,  the  vapours  which  then  arise,  partaking  of  the  great 
velocity  of  the  comet,  and  being  also  specifically  lighter  than  the  medium  in 
which  they  move,  must  suffer  a  much  greater  resistance  than  the  dense  body 
of  the  comet  does,  and  therefore  ought  to  be  left  behind,  and  would  not  ap- 
pear opposite  to  the  sun ;  and  afterwards  they  ought  to  appear  towards  the 
sun.     Also,  if  the  splendor  of  the  tails  be  owing  to  the  reflection  and  refraction 
of  tlie  sun*s  rays,  it  ought  to  diminish  the  lustre  of  tlie  stars  seen  through  it, 
which  would  have  their  light  reflected  and  refracted  in  like  manner,  and  con- 
sequently their  brightness  would  be  diminished.     Dr.  Halley,  in  his  descrip- 
tion of  the  Aurora  BoreaUs  in   1716,  says,  '*^the  streams  of  light  so  much 
resembled  the  long  tails  of  comets,  that  at  first  sight  tliey  might  well  be  taken 
ibr  such.**     And  afterwards,  "  this  light  seems  to  have  a  great  affinity  to  that 
which  the  effluvia  of  electric  bodies  emit  in  the  dark.**     Phil.  Trans.  N°.  347. 
D.  de  Mairan  also  calls  the  tail  of  a  comet,  tlie  aurora  borealis  of  the  comet. 
Tliis  opinion  Dr.  Hamilton  supports  by  the  following  arguments.     A  spec- 
tator, at  a  distance  from  the  earth,  would  see  the  aurora  borealis  in  the  form 
of  a  tail  opposite  to  the  sun,  as  the  tail  of  a  comet  lies.     The  aurora  borealis  has 
no  effect  upon  the  stars  seen  through  it,  nor  has  the  tail  of  a  comet.     The 
atmosphere  is  known  to  abound  with  electric  matter,  and  tlie  appearance  of 
the  electric  matter  in  vacuo  is  exactly  like  the  appearance  of  tlie  aurora  bore- 
alis, which,  from   its  great  altitude,  may  be  considered  to  be  in  as  perfect  a 
vacuum  as  we  can  make.     The  electric  matter  in  vacuo  suffers  the  rays  of 
light  to  pass  through,  without  being  affected  by  them.     The  tail  of  a  comet 
does  not  expand  itself  sideways,  nor  does  the  electric  matter.     Hence,  he  sup- 
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posee  flie  tails  of  comets,  the  aurora  borealis,  and  the  electric  fluid,  to  be 
matter  of  the  same  kind.  We  may  add,  as  a  further  confirmation  of  this 
opinion,  that  the  comet  in  1607  appeared  to  shoot  out  the  end  of  its  tail.  Le 
P.  CrsAT  remttrked  die  undulatiouti  of  the  tail  of  the  comet  in  1616..  Ukvk. 
Lius  observed  the  same  in  the  tails  of  the  comets  in  1652  and  i^l.  M. 
Fiitgre'  took  notice  of  the  same  aj^earance  in  the  comet  <^  1769.  Hieoe  are 
circumstances  exactly  similar  to  the  aurora  borealis.  Dr.  Hamilton  <»i^ee- 
tures,  that  the  use  of  the  comets  may  be  to  bring  the  electric  matter,  viiuA 
continually  escapes  irom  the  planets,  back  into  the  planetary  re^ons.  The 
arguments  are  certainly  strongly  in  favour  of  this  hypothesis;  and  if  this  bt 
true,  we  may  fiirtiier  add,  that  the  tails  are  hollow ;  for  if  the  electric  €nid  only 
proceed  in  its  first  direction,  and  do  not  diverge  sideways,  the  parts  directly 
behind  the  comet  will  not  be  filled  with  it }  and  this  thinness  of  the  tails  wiU 
account  for  the  appearance  of  the  stars  through  them.  From  Dr.  Herschel's 
observations  (HI  the  comet  in  181 1,  he  concluded  that  comets  are  luminous 
bodies ;  for  this  comet  did  not  appear  gibbous,  ^en,  as  an  opaque  body,  it 
ought ;  and  its  brilliancy,  when  at  an  immense  distance,  was  such  as  could  be 
expected  only  from  a  luminous  body. 
ns.  692.  The  length  of  a  comet's  t^  may  be  thus  found.    Let  S  be  the  sun,  £ 

172.  ^e  earth,  C  the  comet,  CL  the  tail  when  directed  from  the  sun  ;  dieh  know- 
ing the  place  of  the  comet,  we  know  the  angle  £CX,  EC,  and  the  aii|gle 
CELy  the  angle  under  which  the  tail  a|^ears ;  hence  we  find  CL  the  lengfli 
of  the  tail.  If  the  tail  deviate  by  any  angle  U2M^  found  from  observatiait 
then  we  diall  know  Uie  angle  ECM^  with  CE,  and  the  angle  CEM^to  find  CM. 
Tlie  tail  of  the  comet  in  1 680  speared  under  an  angle  of  70°,  according  to  Sir 
I.  Newton,  and  very  brilliant;  that  of  1618,  under  an  angle  of  104°,  according 
to  LoNooMONTANUS}  that  of  1759,  under  an  angle  of  90°,  according  to  M. 
Fjngre',  but  tlie  light  was  very  &int. 
no.  693.  The  limit  of  a  comet's  distance  may  be  very  easily  ascertained  from  its 

173.  tail,  it  being  supposed  to  be  directed  from  the  sun.  For  let  5  be  the  sun,  E 
the  earth,  ET  the  line  in  which  tlie  head  of  the  comet  appears,  EfVihe  Hne 
in  which  the  extremity  of  the  tail  is  observed,  and  draw  ST  parallel  to  Eff; 
Uien  the  comet  is  within  the  distance  ET;  for  if  the  comet  were  at  7",  the  tail 
would  be  directed  in  a  line  parallel  to  ElV,  and  therefore  it  never  could  appear 
in  that  line.  Now  we  know  TEfVhy  observation,  and  consequently  its  equil 
ETSy  together  with  TES  the  angular  distance  of  the  comet  from  the  stin,  and 
jE5,  to  find  ST"  the  limit  For  example;  onDecember  21,  1680,  the  distance 
of  the  comet  from  the  sun  was  32°.  24',  and  length  of  the  tail  70°  ;  hence,  ST 
:  SEr.sin.  32°.  24'  :  sin.  70°:;  4  :  7  nearly,  therefore  the  comet's  distance 
from  the  sun  was  less  than  *  of  the  earth's  distance  from  the  sun.  Hence  Sir 
L  Newton  deduced  tins  conclusion,  tliat  all  comets,  whilst  thcj'  axe  \isiblc,  are 
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not  further  distant  from  the  sun  than  three  times  the  earth's  distance  from  the 
sun.  This  however  must  depend  upon  the  goodness  of  the  telescope,  and  mag* 
nitude  of  the  comet. 

694.  In  respect  to  the  nature  of  comets,  Sir  I.  Newton  observes,  that  they 
must  be  solid  bodies  like  the  planets.  For  if  they  were  nothing  but  vapours, 
they  must  be  dissipated  when  they  come  near  the  sun.  For  the  comet  in  1680, 
when  it  was  in  its  perihelion,  was  less  distant  from  the  sun  than  one  sixth  of  the 
sun*s  diameter,  consequently  the  heat  of  the  comet  at  that  time  was  to  the  heat 
of  the  summer  sun  as  28000  to  1.  But  the  heat  of  boiling  water  is  about  three 
times  greater  than  the  heat  which  dry  earth  acquires  from  the  summer  sun ;  and 
the  heat  of  red  hot  iron  about  three  or  four  times  greater  than  the  heat  of  boil- 
ing water.  Therefore  the  heat  of  dry  earth  at  the  comet,  when  in  its  perihelion, 
was  about  2000  times  greater  than  red  hot  iron.  •  By  such  heat,  all  vapours 
would  be  immediately  dissipated. 

695.  This  heat  of  the  comet  must  be  retained  a  very  long  time.  For  a  red 
hot  globe  of  iron  of  an  inch  diameter,  exposed  to  the  open  air,  scarce  loses  all 
its  heat  in  an  hour  j  but  a  greater  globe  would  retain  its  heat  longer,  in  propor- 
tion to  its  diameter,  because  the  surfiice,  at  which  it  grows  cold,  varies  in  that 
proportion  less  than  the  quantity  of  hot  matter.  Therefore  a  globe  of  red  hot 
iron,  as  big  as  our  earth,  would  scarcely  cool  in  50000  years. 

696.  The  comet  in  1680  coming  so  near  to  the  sun,  must  have  been  con- 
siderably retarded  by  the  sun's  atmosphere,  and  therefore  being  attracted  nearer 
at  every  revolution,  it  will  at  last  fall  into  the  sun,  and  be  a  firesh  supply  of 
fuel  for  what  the  sun  loses  by  its  constant  emission  of  light.  In  like  manner, 
fixed  stars  which  have  been  gradually  wasted,  may  be  supplied  with  fi-esh 
fuel,  and  acquire  new  splendor,  and  pass  for  new  stars.  Of  this  kind  are  those 
fixed  stars  which  appear  on  a  sudden,  and  shine  with  a  wonderful  brightness  at 
first,  and  afterwards  vanish  by  degrees.  Such  is  the  conjecture  of  Sir  L 
Newton. 

697.  From  the  beginning  of  our  aera  to  this  time,  it  is  probable,  according  to 
the  best  accounts,  that  there  have  appeared  about  500  comets.  Before  that 
time  about  100  others  are  recorded  to  have  been  seen,  but  it  is  probable  that 
not  above  half  of  them  were  comets.  And  when  we  consider,  that  many  others 
may  not  have  been  perceived,  from  being  too  near  the  sun — ^from  appearing  in 
moon-light — from  being  in  the  other  hemisphere — from  being  too  small  to  be 
perceived,  or  which  may  not  have  been  recorded,  we  might  imagine  the  whole 
number  to  be  considerably  greater ;  but  it  is  likely,  that  of  the  comets  which 
are  recorded  to  have  been  seen,  the  same  may  have  appeared  several  times,  and 
therefore  the  number  may  be  less  than  is  here  stated.  The  comet  in  1786, 
which  first  appeared  on  August  1 ,  was  discovered  by  Miss  Caroline  Hers- 
CHEL,  a  sister  of  Dr.  Herschel  j  since  that  time,  she  has  discovered  three 
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others.  As  the  plan  of  this  Work  does  not  permit  us  to  give  all  the  different 
methods  by  which  the  orbits  of  comets  may  be  computed,  and  ail  the  various 
opinions  respecting  them,  if  the  reader  wish  to  see  any  thing  further  upon  tlie 
subject,  I  refer  him  to  a  Treatise  entitled,  ComStographie  ou  Traite  Historique 
et  Thiorique  dcs  Comites^  par  M.  Pingre',  //.  Tom.  quarto j  Paris^  1784}  or 
Sir  H.  Englefield's  Determination  of  the  Orbits  of  Comets^  a  very  valuable  work, 
in  which  the  ingenious  Author  has  explained,  with  great  clearness  and  accuracy, 
the  manner  of  computing  the  orbits  of  comets,  according  to  the  methods  of 
BoscovicH,  and  M.  de  la  Place. 

The  following  Tables  are  for  converting  time  into  Decimals  of  a  Day ;  and 
for  the  Parabolic  Motion  of  Comets, 
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TABLE  I. 


FOR  CONVERTING  TIME  INTO  DECIMALS  OF  A  DAY. 


HOURS 

DECIMALS. 

MINUTES. 

DECIMALS. 

MINUTES. 

DECIMALS. 

1 

0,04166 

1 

0,000694 

31 

0,021527 

2 

0,08333 

2 

0,001388 

32 

Oj022222 

S 

0,12500 

3 

0,002083 

33 

0,O22916 

4 

0,16666 

4 

0,002777 

34 

0,023611 

5 

O,20833 

5 

0,003472 

35 

0,024305 

6 

0,25000 

6 

0,004166 

36 

0,025000 

7 

0,29166 

7 

0,004861 

37 

0,025694 

8 

0,33333 

8 

0,005555 

38 

0,026388 

9 

0,37500 

9 

0,006250 

39 

0,027083 

10 

0,41666 

10 

0,006944 

40 

0,027777 

11 

0,45833 

11 

0,007638 

41 

0,028472 

12 

0,50000 

12 

0,008333 

42 

0,O29l66 

13 

0,54166 

13 

0,009027 

43 

0,029861 

14 

0,58393 

14 

0,009722 

44 

0,030555 

15 

0,62500 

15 

0,010416 

45 

0,031250 

16 

0,66666 

16 

0,01 1111 

46 

0,031944 

17 

0,70833 

17 

0,01 1 805 

47 

0,032638 

18 

0,7500O 

18 

0,012500 

48 

0,033388 

19 

0,79166 

19 

0,013194 

49 

0,034027 

20 

0,83333 

20 

0,013888 

50 

0,034722 

21 

0,87500 

21 

0,014583 

51 

0,035416 

22 

0,91666 

22 

0,015277 

52 

0,036111 

23 

0,95833 

23 

0,015972 

53 

0,036805 

24 

1,00000 

24 

0,016666 

54 

0,037500 

25 

0,017361 

S5 

0,038194 

26 

0,018055 

56 

0,038888 

27 

0,018750 

57 

0,039583 

28 

0,019444 

58 

0,040277 

29 

0,020138 

59 

0,040972 

30 

0,020833 

60 

0,041666  1 
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*The  First  TABLE  continued. 


TABLE  II,  for  converting  deci- 
mals of  a  day  into  time. 


8EC. 

DECIHAI.S. 

SEC. 

DECIMALS. 

1' 

0,00001157 

31' 

0,00035880 

2 

0,00002315 

32 

0,00037037 

3 

0,0000.347'^ 

33 

0,00038194 

4 

0,00004630 

34 

0,00039352 

5 

0,00003787 

35 

0,00040509 

6 

0,0(XX)r)'J44 

36 

0,00041666 

7 

O,0OCO81O2 

37 

0,00042824 

8 

0,00009259 

38 

0,00043981 

9 

0,00010416 

39 

0,00045138 

10 

0,00011574 

40 

0,00046296 

11 

0,00019731 

41 

0,00047454 

la 

0,00013888 

42 

0,00048611 

13 

0,00015046 

43 

0,00049769 

14 

0,00016204 

44 

0,00050926 

15 

0,00017361 

45 

0,00052083 

16 

0,00018518 

46 

0,00053241 

17 

0,00019676 

47 

0,00054398 

18 

0,00030633 

48 

0,00055555 

19 

0,00021991 

49 

0,00056713 

20 

0,00023148 

50 

0,00057870 

21 

0,00024305 

51 

0,00059027 

22 

0,00025463 

52 

0,00060185 

23 

0,00026620 

53 

0,00061343 

24 

0,00027777 

54 

0,00062500 

25 

0,00028935 

55 

0,00063657 

26 

0,00030093 

56 

0,00064815 

27 

0,00031250 

57 

0,00065972 

28 

0,00032407 

58 

0,00067130 

29 

0,00033565 

59 

0,00068287 

30 

0,00034722 

60 

0,00069444 

'4<(30C4!CO'4<a)04tO 
to  «  Ol  »^  si**"^'^ 
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TABLE  III. 
GENERAL  TABLE  OF  THE  PARABOLA.      By  M.  De  Labibre. 

Days. 

Anomaly. 

Differ. 

Days. 

Anomaly. 

Differ. 

Days. 

Anomaly. 

Diflbr.    1 

D.      M. 

s. 

M. 

s. 

D.       M.      s. 

H. 

s. 

D.         M.       8. 

M. 

8. 

0,00 
25 
50 

0,75 

0.    0. 
0.  20. 

0.  41. 

1.  2. 

0,0 
54,5 
48,9 
43,2 

20. 
20. 

20. 

20. 

20. 

20. 

20. 

20. 
20. 

54,5 
54,4 
54,3 

54,2 

54,0 
53,8 
53,5 

53,2 

52,8 
52,4 
51,9 

51,4 

50,8 
50,3 
49,6 

49,0 

48,2 
47,4 
46,6 

45,7 

44,8 
43,9 
42,8 

41,8 

40,7 
39,6 
38,4 

37,2 

35,9 

34,7 
33,3 

31,9 

8,00 
25 
50 

8,75 

11.    4.    58,0 

11.  25.    28,4 

11.  45.    52,4 

12,  6.    19,9 

20. 
80. 

20. 

20. 

20. 

20. 

19, 

19. 

19. 
19. 

30,4 
29,0 
27,5 

26,0 

24,4 

22,7 
21,1 

19,3 

17,7 
15,8 
14,0 

12,2 

10,3 
8,4 
6,4 

4,3 

2,4 

0,3 

58,2 

56,0 

53,8 

51,7 
49,4 

47,2 

44,9 
42,5 
40,1 

37,8 

35,4 
82,9 
30,4 

27,9 

16,0C 

* 

25 

50 

16,75 

81.  45.  53,4 
28.  5.  18,8 
88.  84.  41,6 
22.  44.      1,8 

... 

19. 

19. 

19. 
18. 

18. 
18. 
18. 

18. 

18. 
17. 

25,4 

82,8 
20,2 

17,6 

14,9 

12,3 

9,fl 

6,8 

4,1 
1,8 

58,f 
55,8 

52,9 
50,cl 
47,J 

aaA 

41,J 

88,41 
35^ 

32,5| 

29,J 

26,4 
2S,5| 

20,41 

17,3 
14,3 
11,2 

8,0 

5)0 
1,8 

58,6 

55,5 

1,00 
25 
50 

1,75 

1.  23. 

2.  5. 
2.  26. 

37,4 
31,4 
25,2 
18,7 

9,00 
25 
50 

9,75 

12.  26.    45,9 

12.  47.    10,3 

13.  7.  33,0 
IS.  27.    54,1 

17,00 
25 
50 

17,75 

83.     3.    19,4 

83.  22.  34,3 
23.  41.    46,6 

84.  0.    56,2 

8,00 
25 
50 

8,75 

8.  47. 
3.      8. 
3.  28. 
3.  49. 

11,9 

4,7 

57,1 

49,0 

10,00 
25 
50 

10,75 

13.  48.    13,4 

14.  8.  31,1 
14.  28.  46,9 
14.  49.      0,9 

18,00 
25 
50 

18,75 

24.  20.  3,1 
24.  39.      7,2 

24.  58.      8,5 

25.  17.      7,1 

3,00 
25 
50 

3,75 

4.   10. 
4.  31. 

4.  52. 

5.  13. 

40,4 
31,2 
21,5 
11,1 

11,00 
25 
50 

11,75 

15.     9.    13,1 

15.  29.  23,4 
•15.  49.    31,8 

16.  9.    38,2 

19,00 
25 
50 

19,75 

25.  36.      2,9 

25.  54.    55,8 

26.  13.  45,8 
26.  32.    33,0 

4,00 
25 
50 

4,75 

•* 

5.  34. 

5.  54. 

6.  15. 
6.  36. 

0,1 

48,3 

35,7 
22,3 

12,00 
25 
50 

12,75 

16.  ^9.    42,5 

16.  49.    44,9 

17.  9.  45,2 
17.  29.    43,4 

20,00 
25 
50 

20,75 

26.  51.    17,3 

27.  9.  58,7 
27.  28.  37,1 
27.  47.    12,6 

5,00 
25 
50 

5,75 

6.  57. 

7.  17. 
7.  38. 
7.  59. 

8,0 
52,8 

36,7 
19,5 

13,00 
25 
50 

13,75 

17.  49.    39,4 

18.  9.  33,2 
18.  29.  24,9 
18.  49.    14,3 

21,00 
25 
50 

21,75 

28.  5.  45,1 
28.  24.    14,6 

28.  42.    41,1 

29.  1.      4,6 

6,00 
25 
50 

6,75 

8.  20. 

8.  40. 

9.  1. 
9.  22. 

1,3 
42,0 
21,6 

0,0 

14,00 
25 
50 

14,75 

19.  9.  1,5 
19.  28.    46,4 

19.  48.    28,9 

20.  8.      9,0 

22,00 
25 
50 

22,75 

29.  19.  25,o| 
29.  37.   42,8 

29.  55,    56,6 

30.  14.      7,8 

7,00 
25 
50 

7,75 

9.  42. 
10.     3. 
10.  23. 
10.  44. 

37,2 
13,1 
47,8 
21,1 

15,00 
25 
50 

15,75 

20.  27.    40,8 

20.  47.    22,2 

21.  6.  55,1 
21,  26.    25,5 

23,00 
25 
50 

23,75 

30.  32.    15,8 

30.  50.    20,8 

31.  8.  22,6 
31.  26.    21,2 

■ 

I 


(     *52     ) 


m 

* 

THE  THIRD  TABLE  CONTINUED. 

Anomaly. 

Differ 

Anomaly. 

Differ. 

Anomaly. 

Diffia^. 

Days. 

Days. 

Days. 

D. 

M. 

8. 

M. 

8. 

D. 

M. 

S. 

M. 

s. 

D. 

M. 

s. 

M.      8. 

24,00 

31. 

44. 

16,7 

17. 

52.3 

32,00 

40. 

49. 

2,9 

16. 

6,3 

40,00 

48. 

56. 

34,5 

14.  19J 

25 

32. 

2. 

9,0 

*  1  • 

49,1 
45,9 

25 

41. 

5. 

9,2 

*^7 

2,8 
59,5 

25 

49. 

10. 

53,8 

M 

12,7 

50 

32. 

19. 

58,1 

50 

41. 

21. 

12,0 

15. 

50 

49. 

25. 

9,8 

24,75 

32. 

37. 

44,0 

32,75 

41. 

37. 

11,5 

40,75 

49. 

39. 

22,5 

17. 

42,7 

56,1 

14.    9^ 

25,00 

32. 

55. 

26,7 

39,5 
36,2 
33,0 

33,00 

41. 

53. 

7,6 

52  8 

41,00 

49. 

53. 

32,0 

6. 
14.     Sfi 

13.  59,8 

25 

33. 

13. 

6,2 

25 

42. 

9. 

0,4 

49,3 
45,9 

25 

50. 

7. 

38,3 

50 

33. 

30. 

42,4 

50 

42. 

24. 

49,7 

50 

50. 

21. 

41,3 

25,75 

S3. 

48. 

15,4 

33,75 

42. 

40. 

35,6 

41,75 

50. 

35. 

41,1 

17. 

<2Q  ft 

15. 

42  6 

IS.  56,5 

53,4 
50,1 
47,0 

26,00 

34. 

5. 

45,2 

26,4 
23,2 
19,9 

34,00 

42. 

56. 

18,2 

ji  «^» 

39,2 
35,9 
32,4 

42,00 

50. 

49. 

37,6 

25 

34. 

23. 

11,6 

25 

43. 

IK 

57,4 

25 

51. 

3. 

31,0 

50 

34. 

40. 

34,8 

50 

43. 

27. 

33,3 

50 

51. 

17. 

21,1 

26,75 

34. 

57. 

54,7 

34,75 

43. 

43. 

5,7 

42,75 

51. 

31. 

8,1 

17. 

16,7 

15. 

29,1 

IS.  43,7 

27,00 

35. 

15. 

11,4 

13,3 

10,0 

6,7 

35,00 

43. 

58, 

34,8 

25,7 
22,4 
19,0 

43,00 

51. 

Mr  JT. 

51,8 

40,6 
37,4 
34,3 

25 
50 

27,75 

35. 
S5. 
36. 

32. 

49. 

6. 

24,7 
34,7 
41,4 

25 

50 

35,75 

44. 
44. 
44. 

14. 
29. 
44. 

0,5 
22,9 
41,9 

25 

50 

43,75 

51. 
52. 
52. 

58. 
12. 
25. 

32,4 

9,8 

44,1 

17. 

17. 
16. 

3,4 

0,0 

56,7 

P  O     A 

15. 

15  6 

^  A          ^11 

28,00 

36. 

23. 

44,8 

36,00 

44. 

59. 

57,5 

A  i/* 

X  i/,V/ 

12,3 
9,0 
5,6 

2  9 

44,00 

52. 

39. 

15,2 

13.  31,1 

25 
50 

36. 
36. 

40. 
57. 

44,8 
41,5 

25 
50 

45. 

45. 

15. 
30. 

'9,8 
18,8 

25 
50 

52. 
53. 

52. 
6. 

43,1 
8,0 

27,9 
24,9 

28,75 

37. 

14. 

34,9 

16. 

53,4 
50,0 

36,75 

45. 

45. 

24,4 

15 

44,75 

53. 

19. 

29,7 

21,7 

X  «^  • 

■*,* 

IS.  18,5 

29,00 
25 
50 

29,75 

37. 
37. 
38. 
38 

31. 

48. 

4. 

21. 

24,9. 
11,6 
54,9 
34,9 

16. 

46,7 
43,3 
40,0 

36,6 

33,2 
29,9 
26,5 

23,1 

19,7 
16,4 
13,0 

9,0 

1 

37,00 
25 
50 

37,75 

46. 
46. 
46. 
46. 

0. 

15. 
30. 
45. 

26,6 
25,5 
21,1 
13,3 

14. 

14. 

58,9 
55,6 
52,2 

48  Q 

45,00 
25 
50 

45,75 

53. 
53. 
53. 
54. 

32. 
46. 
59. 
12. 

48,2 

3,7 
16,1 

25,4 

15,5 
18,4 

30,00 

38. 

38. 

11,5 

38,00 

.47. 

0. 

2,2 

1  TV* 

f  0,v7 

4^  6 

46,00 

54. 

25. 

31,6 

IS.     6,8 

25 

50 

30,75 

38. 
39. 
39. 

54. 
11. 
27. 

44,7 
14,6 
41,1 

16. 
16. 

25 
50 

38,75 

47. 
47. 
47. 

14. 
29. 
44. 

47,8 

30,1 

9,1 

14 

TPc/,Vl 

42,3 
39,0 

35,7 

32,3 

29,1 

25,8 

22,5 

25 
50 

46,75 

54. 
54. 
55. 

38. 

51. 

4. 

34,7 
34,8 
Sl,8i 

3,1 
13.     0^1 
12.  57,0 

31,00 
25 
50 

31,75 

39. 
40. 
40. 
40. 

44. 

0. 

16. 

32. 

4,2 
23,9 
40,3 
53,3 

39,00 
25 
50 

39,75 

47. 
48. 
48. 
48. 

53. 
13. 

27. 
42. 

44,8 
17,1 
46,2 
12,0 

X  7* 
1>< 

47,00 
25 
50 

47,75 

55. 
55. 
55. 
55. 

17. 
30. 
43. 
55. 

25,8 
16,8 

4,7 
49,6 

siji 

44^« 

1  ^>       ^  1  n 

--«■« 

14, 

12.  4),^ 
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THE  THIRD  TABLE  CONTINUED. 

Anomaly. 

Differ. 

A 

uomaly. 

Differ. 

A 

noifii 

aly. 

DitTer. 

Days. 

Days. 

Days. 

D. 

M. 

s. 

M*           S« 

D. 

M. 

s. 

M. 

S. 

D. 

M. 

s. 

M        s. 

48,(( 
25 

56. 
56. 

8. 
21. 

31,5 
10,5 

12.     39,0 
35,9 
33,0 

56,00 
25 

62. 
62. 

29. 
40. 

.32,1 
41,0 

il. 

8,V 
6,3 
3,6 

64,00 
2b 

68. 
68. 

5. 
1.5. 

26,9 
17,1 

■).    50,2 
47.9 
45,6 

50 

56. 

33. 

46,4 

.^0 

62. 

51. 

47,3 

.50 

68. 

25. 

5,0 

48,7.1 

56. 

46. 

19,4 

56.75 

63. 

2. 

50,9 

64,7/, 

6S. 

34. 

50,6 

12.    30,0 

27,1 
24,1 
21,2 

1  1 

1,1 

58,^ 

55,9 
53,.^ 

9.    4.3,4 

41,1 

38,9 
36,7 

49/)0 

56. 

58. 

49,4 

57.00 

63. 

13. 

52,0 

II. 

10. 

6"j,0( 

68. 

4L 

34,0 

25 

57. 

11. 

7,5 

25 

63. 

24. 

50,4 

21. 

68. 

54. 

15,1 

50 

57. 

2?. 

40,6 

50 

63. 

35. 

46,3 

50 

69. 

3. 

54,0 

49,75 

57. 

36. 

1,8 

57,75 

63. 

46. 

39,6 

6">,75 

69. 

13. 

30,7 

12.     18,3 

15,4 

12,5 

9,6 

10. 

f»()7 

9.    34,4 

32,3 
30,0 
27,9 

50,00 

57. 

48. 

20,1 

58,00 

63. 

57. 

30;i 

48,1 
45,7 
43,1 

66,00 

69. 

23. 

5,1 

25 

58. 

0. 

35,5 

25 

64. 

8. 

18,4 

25 

69. 

32. 

37,4 

50 

58. 

12. 

48,0 

50 

64. 

19. 

4,1 

50 

69. 

42. 

7,4 

50,75 

58. 

2*. 

57,6 

58,75 

64. 

29. 

47,2 

66,7 

69. 

51. 

35,3 

12.       6,7 

3,9 
12.       1,0 
11.     58,2 

10. 

40,5 

38,1 
35,5 
33,1 

9.    25,7 

23,5 
21,3 
19,2 

51,00 

58. 

37. 

4,3 

59,00 

6*. 

40. 

27,7 

67,00 

70. 

1. 

1,0 

25 

58. 

49. 

8,2 

25 

64. 

51. 

5,8 

25 

70. 

10. 

24,5 

50 

59. 

1. 

9,2 

50 

65. 

1. 

41,3 

50 

70. 

19. 

45,8 

51,7: 

59. 

13. 

7,4 

59,75 

65. 

12. 

14,4 

67,75 

70. 

29. 

5,0 

55,3 

52,5 
49,7 
46,9 

10. 

30fi 

28,1 
25,7 
23,'2 

9.     17,1 

15,0 
12,9 
10,7 

52,0( 

59. 

25. 

2,7 

60,00 

6ij. 

22. 

45,0 

68,00 

70. 

38. 

22,1 

25 
5( 

59. 

59. 

36. 

48. 

55,2 
44,9 

25 
50 

65. 
65. 

33. 
43. 

1.9,1 

38,8 

25 
50 

70. 
70. 

47. 
56. 

37,1 
50,0 

52,75 

60. 

0. 

31,8 

60,75 

65. 

54. 

2,0 

68,75 

71. 

6. 

0,7 

11.    44,1 

41,4 
38,6 
35,8 

10. 

20,8 

18,4 
16,0 
1.3,6 

9.      8,6 

6.6 
4.5 
2,4 

53,0(i 

60. 

12. 

15,9 

61,00 

66. 

4. 

22,8 

69,00 

71. 

15. 

9,3 

25 

60. 

23. 

57,3 

25 

66. 

14. 

41,2 

25 

71. 

24. 

15,9 

50 

60. 

35. 

35,9 

50 

66. 

24. 

57,2 

50 

71. 

33. 

20,4 

53,7.'^ 

60. 

47. 

11,7 

61,75 

66. 

35. 

10,8 

69,75 

71. 

42. 

22,8 

11.    33,1 

10. 

11,2 

9.      0.4 

54,0( 

60. 

58. 

44,8 

30,4 
27,6 
24,9 

11.    22,2 

19,fi 
16,h 

62,00 

66. 

45. 

22,0 

8,8 
6,4 
4,1 

l,f? 
59,4 

70,00 

71. 

51. 

23,2 

8.    58,3 
56,3 

2b 

61. 

10. 

15,2 

2b 

66. 

55. 

30,8 

25 

72. 

0. 

21,5 

50 

61. 

21. 

42,8 

50 

67. 

5. 

37,2 

50 

72. 

9. 

17,8 

54,7.': 

61. 

33. 

7,7 

62,75 

67. 

15. 

41,3 

10. 
9. 

70,75 

72. 

18. 

12,1 

54,3 

8.    .52,3 

50.2 

55,0(. 

61. 

44. 

29,9 

6^,00 

67. 

2§. 

43,1 

71,00 

72. 

27. 

4,4 

2.- 

61. 

55. 

49,5 

25 

67. 

35. 

42,5 

25 

72. 

35. 

54,6 

5C 

63. 

7. 

63 

50 

67. 

45. 

39,6 

57,  J 

5C 

72. 

44. 

42,8 

48^2 

55,7.^ 

62. 

18. 

20,5 

63,75 

67. 

55. 

34,4 

a4,8 

71,75 

72. 

53. 

29,1 

46y8 

m 

11.     11,6 

Q 

52,5 

8.    44,3 

• 

^. 
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THE  THIRD  TABLE  CONTINUED. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Anomaly. 

Diftr. 

Days. 

Days. 

Dap. 

. 

D.       M.      s. 

M.      S. 

D. 

M. 

S. 

M. 

S. 

D.         M. 

s. 

M.       8. 

72,00 

78.     2.    13,4 

8.     42,3 
40,4 
38,4 

80,00 

77. 

25. 

28,1 

7. 

AtAk  <l 

88,00 

81.  19. 

48,1 

6.     54,C 

534 
51,1^ 

25 

78.  10.    55,7 

25 

77. 

33. 

7,4 

42,5 

25 

81.  26. 

42,7 

50 

78.  19.    36,1 

50 

77. 

40. 

49,9 

50 

81.  83. 

35,9 

72,75 

78.  28."  14,5 

80,75 

77. 

48. 

30,8 

fS^yJ 

88,75 

81.  40. 

27,6 

• 

8.     86,5 

34,6 
32,6 
30,8 

8.     28,8 

7. 

39,8 
87,6 

4?  Q 

6.     5oJ 

48,» 

47,5 

46,1 

6.     44^8 

78,00 
25 

78.  86.    51,0 
78.  45.    25,6 

81, CO 
25 

77. 
78. 

56. 
3. 

10,1 

47,7 

8i;,00 
25 

81.  47. 
81.  54. 

17,9 
6,8 

50 

78.  53.    58,2 

50 

78. 

11. 

23,6 

34,3 
32,7 

50 

82.     O. 

54,8 

78,75 

74.     2.    29,0 

81,75 

78. 

18. 

57,9 

7. 

89,75 

82.     7. 

40,4 

74,C0 

74.   10.    57,8 

26,9 
25,1, 
28,2 

8.     21,3 

82,00 

78. 

26. 

30,6 

<)1      1 

90,00 

82.   14. 

25,2 

48,8 
42/] 
40,5| 

6.      89,8 

25 

74.  19.    24,7 

25 

78. 

84. 

1,7 

«7  Jl  ,  1 

29,5 
27,8 

26,3 

25 

82.  21. 

8,5 

50 

74.  27.    49,8 

50 

78. 

41. 

31,2 

50 

82.  27. 

50,5 

74,75 

74.  36.    13,0 

82,75 

78. 

48. 

59,0 

7. 

90,75 

82.  34. 

81,0 

75,00 

74.  44.    34,3 

19,5 
17,6 

15.8: 

83,00 

78. 

5Q. 

25,3 

24,7 
23,1 
21,6 

19,9 

91,00 

82.  41. 

10,3 

37,8 
36,6 
35,9 

6.    ss,a 

25 

74.  52.    58,8 

25 

79. 

3. 

50,0 

25 

82.  47. 

48,1 

50 

75.     1.    11,4 

50 

79. 

11. 

13,1 

50 

82.  54. 

24,7 

75,75 

75.     9.    27,2 

83,75 

79. 

18. 

34,7 

7. 

91,75 

83.     0. 

59,9 

0»           X.  ™jv/j 

76,00 

75.   17.    41,2 

19  1 

84,00 

79. 

25. 

54,6 

18,5 
16,9 
15,3 

13,8 

92,00 

83.      7. 

33,7 

88,61 
31,S^ 
89,9 

6.     28,5 

25 
50 

75.  25.    53,3 
75.  34.      3,6 

10,3 
8,5 

8.        6,8 

25 
50 

79. 
79. 

33, 
40. 

13,1 
30,0 

25 
50 

83.   14. 
83.  20. 

6,3 
37,5 

76,75 

75.  42.    12,1 

84,75 

79. 

47. 

45,3 

7. 

92,75 

83.  27. 

7,4 

77,00 

75.  50.     18,9 

^  o 

85,00 

79. 

54. 

59,1 

12,3 

9S,CX) 

83^  33. 

35,9 

27,8 

25 

75.  58.    23,9 

3,1 
8.        1,4 

7.     59,7 

57,9' 
56,2 
54,4 

7.     52,7 

51,0 
49,3| 
47,6 

7.     45,9 

25 

80. 

2. 

11,4 

25 

83.  40. 

3,2 

50 

77,75 

76.     6.    27,0 
76.  14.    28,4 

50 
85,75 

80. 
80. 

9. 
16. 

22,1 
31,4 

7. 

10,7 
9,3 

7,7 

50 

93,75 

83.  46. 
83.  52. 

29,1 
53,8 

25,9 
24,7 

6.     83,4 

28,1 
20,8 

78,00 

76.  22.    28,1 

86,00 

80. 

23. 

39,1 

94,00 

83.  59, 

17,2 

25 
50 

76.  30.    26,0 
76.  88.    22,2 

25 
50 

80. 
80. 

30. 

37. 

45,5 
50,3 

4,8 
3,3 

1,8 

0,4 

58,9 

57,4 

56,d 

25 
50 

84.     5. 
84.   12. 

89,3 
0,1 

78,75 

76.  46.    16,6 

86,75 

80. 

44. 

53,6 

7. 
7. 

94,75 

84.    18. 

19,7 

19,6 
6.     18,3 

1  *t    1 

79,00 

76.  54.      9,3 

87,00 

80. 

51. 

55,4 

95,00 

84.  24. 

38,0 

25 

77.     2.      0,3 

25 

80. 

58. 

55,8 

25 

84.  30. 

55,1 

17,1 

50 
79,75 

77.     9.    49,6 
77.  17.    37,2 

50 

87,75 

81. 
81. 

5. 
12. 

54,7    "• 
52,1    ^ 

50 
95,75 

84.  37. 
84.  43. 

10,9 
25,5| 

15,8. 
14,6  > 

6.     18,3 

1 

u. 

(     455     ) 


THE  THIRD  TABLE  CONTINUED. 

Days. 

Anomaly. 

Differ. 

1    TlSl.VQ 

Anomaly. 

Differ. 

Days. 

Anomaly. 

Differ. 

D.         M, 

,     s. 

M.      8. 

H   JL^Ot jr  o« 

D.      M.     s. 

M.      S. 

D.      M.      S. 

Ai.       S. 

96,00 
25 
50 

96,75 

84.  49. 

84.  55. 

85.  2. 
85.     8. 

38,8 

50,9 

1,8 

11,4 

6.     12,1 

10,9 

9,6 

6.       8,4 

7,3 
6,1 

4,8 

6.        3,6 

2,5 

1,3 

6.       0,1 

5.     58,9 

57,8 

56,7 
55,4 

5.     54,4 

53,2 
52,0 
51,0 

5.     49,8 

•48,7 
47,5 
46,5 

5.     45,4 

44,2 
43,2 
42,1 

5.     41,0 

39,91 

38,8 

37,8 

5.     36,7 

104,00 
25 
50 

104,75 

87.  58.    26,5 

88.  4.      2,2 
88.     9.    36,8 
86.   15.    10,4 

5.     35,7 
34,6 
33,6 

5.     32,5 

31,5 
80,4 
29,4 

5.     28,4 

27,4 
26,3 
25,4 

5.     24,3 

23,3 
22,4 
21,3 

5.     20,4 

19,4 
18,4 
17,4 

5.      16,5 

15,5 
14,5 
13,6 

5.      12,6 

11,7 

10,8 

9,8 

5.       8,8 

8,0 
7,0 
6,1 

5.       5,2 

112,00 
25 
50 

112,75 

90.  49.      8,7 
90.  54.    12,9 

90.  59.    16,8 

91.  4.    18,7 

5.       4,2 
3,4 
2,4 

• 

5.       1,6 

5.      0,6 

4.     59,8 

58,9 

4.     58,0 

^7,1 
56,2 
55,3 

4.     54,5 

^3,6 

52,7 
52,0 

4.     51,d 

50,1 
49,4 
48,5 

4.     47,7 

4o,o 
46,0 
45,2. 

4.     44,3 

43,6 
42,7 
41,9 

4.     41,1 

40,2 
39,5 
38,6 

4.      SHO 

97,00 
25 
50 

97,75 

85.   14. 
85.  20. 
85.  26. 
85.  32. 

19,8 
27,1 
33,2 
38,0 

105,00 
25 
50 

105,75 

88.  20.    42,9 
88.  26.     14,4 
88.  31.    44,8 
88.  37.     14,2 

113,00 
25 
50 

113,75 

91.     9.    20,3 
91.   14.    20,9 
91.   19.    20,7 
91.  24.    19,6 

98,00 
25 
50 

98,75 

85.  38. 
85.  44. 
85.  50. 
85.  56. 

41,6 
44,1 
45,4 
45,5 

106,00 
25 
50 

106,75 

88.  42.    42,6 
88.  48.    10,0 
88.  53.    36,3 
88.  59.       1,7 

114,00 
25 
50 

114,75 

91.  29.    17,6 
91.  34.    14,7 
91.  39.    10,9 
91.  44.      6,2 

99,00 
25 
50 

99,75 

86.     2. 
86.     8. 
86.   14. 
86.  20. 

44,4 
42,2 
38,9 
34,3 

107,00 
25 
50 

107,75 

89.     4.    26,0 
89.     9.    49,3 
89.   15.     11,7 
89.  20.    33,0 

115,00 
25 
50 

115,75 

91.  49.      0,7 
91.  53.    54,3 

91.  58.    47,0 

92.  3.    39,0 

100,00 

25 

i          50 

100,75 

86.  26. 
86.  32. 
86.  38. 
86.  44. 

28,7 

21,9 

13,9 

4,9 

108,00 
25 
50 

108,75 

89,  25.    53,4 
89.  31.    12,8 
89.  36.    31,2 
89.  41.    48,6 

116,00 
25 
50 

116,75 

92.     8.    30,0 
92.   13.    20,1 
92.   18.      9,5 
92.  22.    58,0 

101,00 
25 
50 

101,75 

86.  49. 

86.  55. 

87.  1. 
87.     7. 

54,7 
43,4 
30,9 
17,4 

109,00 
25 
50 

109,75 

89.  47.      5,1 
89.  52.    20,6 

89.  57.    35,1 

90.  2.    48,7 

117,00 
25 
50 

117,75 

92.  27.    45,7 
92.  32.    82,5 
92.  37.    18,5 
92.  42.      3,7 

102,00 
25 
50 

102,75 

87.   13. 
87.   18. 
87.  24. 
87.  30. 

2,8 
47,0 
30,2 
12,3 

110,00 
25 
50 

110,75 

90.     8.       1,3 
90.   13.     13,0 
90.   18.    23,8 
90.  23.    33,6 

118,00 
25 
50 

118,75 

92.  46.    48,0 
92.  51.    31,6 

92.  56.    14,3 

93.  0.    56,2 

103,00 
25 
50 

103,75 

87.  35. 
87.  41. 
87.  47. 
87.  52. 

53,3 
83,2 
12,0 
49,8 

111,00 
25 
50 

111,75 

90.  28.    42,4 
90.  33.    50,4 
90.  38.    57,4 

119,00 
25 
^0 

119,75 

1 

93.     5.    37,8 
93.   10.    17,5 
93.   14.    57,0 
93.  19.    35,6 

«r*           %J  O  j\J 
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Anomaly. 

Differ. 

Anom 

ily. 

Differ. 

Anomaly. 

Differ. 

Days. 

Days. 

D. 

u 

s. 

M.       S. 

D. 

M 

s. 

M.        8. 

D.       M 

8. 

M.      8. 

120,00 

93. 

24. 

13,6 

4.      37,1 
36,3 
35,5 

128,00 

95. 

45. 

45,4 

4.      13,5 
12,8 
12,0 

136,00 

97.  55. 

28,6 

3.     53,1 
52,i 

51,( 

25 

93. 

28. 

SO,; 

25 

95. 

49. 

58,9 

25 

97.  59. 

21. ■! 

50 

93. 

33. 

27,0 

50 

95. 

54. 

■1,7 

50 

98.     3. 

13,6 

120,75 

93. 

38. 

2,5 

128,75 

95. 

58. 

23,7 

136,75 

98.     7. 

5,2 

4.      34,7 

4.      11,5 

3.     SU 

121,0C 

93. 

42. 

37,2 

33,9 
33,2 
32,4 

129,00 

96. 

2. 

35,2 

10,7 
10,0 
9,4 

137,00 

98.   10. 

56,2 

50,4 
49,8 

49,3 

25 

93. 

47. 

11,1 

25 

96. 

6. 

45,9 

25 

98.    14. 

46,6 

5C 

93. 

51. 

44,3 

50 

96. 

10. 

55,9 

50 

98.    18. 

36,4 

121,75 

93. 

56. 

16,7 

129,75 

96. 

15. 

5,3 

137,75 

98.   22. 

25,7 

4.     31,7 

4.        8,7 

3.     4«,f 

122,0C 

94. 

U. 

48,4 

130,00 

96. 

19. 

14,0 

8,0 
7,4 
6,7 

138,00 

98.   26. 

14,3 

48,1 
♦7,4 
46,9 

25 

94. 

5. 

19,2 

30,1 
29,4 

25 

96. 

23. 

22,0 

25 

98.   30. 

2,-( 

5C 

94. 

9. 

49,3 

50 

96. 

27. 

29,4 

50 

98.   33. 

49,8 

122,75 

94. 

14. 

18,7 

130,75 

96. 

31. 

36,1 

138,75 

98.  37. 

36,7 

4.     28,4 

4.        6,1 

3.     46,! 

123,0C 

94. 

18. 

47,3 

27,8 
27,1 
26,4 

131,0O 

96. 

35. 

42,2 

5,3 
4,8 
4,1 

4.        3,4 

139,00 

98.  41. 

23,C 

45,8 
45,1 
44,6 

S.     44^0 

25 

94. 

23. 

15,1 

25 

96. 

39. 

47,5 

25 

98.  45. 

8,8 

50 

94. 

27. 

42,2 

50 

96. 

43. 

52,3 

50 

98.   48. 

53,9 

123,75 

94. 

32. 

8,6 

131,75 

96. 

47. 

56,4 

139,75 

98.  52. 

38,5 

124,0C 

94. 

36. 

34,2 

24,8 
24,1 
23,4 

132,00 

96. 

51. 

5»,li 

2,8 
2,1 

140,00 

98.  56. 

22,,^ 

25 

94. 

40. 

59,0 

25 

96. 

56. 

2,6 

25 

99.     0. 

5,9 

43,4 
42,9 

5C 

94. 

45. 

23,1 

5C 

97. 

0. 

4,7 

50 

99.      3. 

4S,8 

124,75 

94. 

49. 

46,5 

132,75 

97. 

4. 

6,2 

I40,75 

99.     7. 

31,1 

3.     41,8 

41,5 
40,6 
40,1 

125,00 

94. 

54. 

9,2 

22,0 
21,2 
20,5 

133,00 

97. 

8. 

7,1 

4.        0,2 

3.     59,6 

59,0 

141,00 

99.   11. 

12,9 

25 
50 

94. 
95. 

58. 
2. 

31,2 
52,4 

25 
50 

97. 
97. 

12. 
16. 

7,3 
6,9 

25 
50 

99.    14. 
99.   18. 

54,1 
34,7 

125,75 

95. 

7. 

ia,9 

133,75    97. 

20. 

5,9 

141,75 

99.   22. 

14,8 

4.      19,8 

3.     58,3 

3.     39/ 

126,0C 

95. 

11. 

32,7 

19,0 
18,4 
17,6 

134,00    97. 

24. 

4,2 

■57,7 
57,1 
56,5 

142,00 

99.   25. 

.54,.« 

39,0 
38,4 

25 
50 

95. 
95. 

15. 
20. 

51,7 
10,1 

25    97. 

28. 
31. 

1,9 
59,d 

25 
50 

99.   29. 
99.   33. 

33,3 
11,7 

126,75 

95. 

24. 

27,7 

1S4|^97. 

35. 

55,5 

142,75 

99.  36. 

49,6 

37,9 
3.      37,3 

127,00 

95. 

28. 

44,1 

^9. 

51,3| 

fc^,     55,3 

143,00 

99.  40. 

26,S 

25 
50 

95. 
95. 

33. 
37. 

4 

1 

m 

25 
50 

99.  44. 
99.   47. 

3,7 
4O,0 

36,3 

35,) 

S.     8V 

27,75 

95. 

41. 

3^3 

1 

■ 

^^mg    143,75|   99.  51. 

.5,7 

^H 

■ 

I 

■ 

^^ 

Mte^ 

_, 
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• 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

s. 

Days. 

Days. 

D.        M 

.    S. 

M.      S. 

D. 

M. 

s. 

M.         S. 

D. 

M. 

s. 

M.      S. 

00 
25 

99.  54. 

99.  58. 

50,9 
25,6 

3.     34,7 
34,1 
33,6 

152,00 
25 

101. 
101. 

45. 

48. 

6,5 
25,1 

3.     1 8,6 
18,2 

17,7 

160,00|103. 
25 103. 

27. 
80. 

18,5 
23,0 

3.       4,5 
4,0 
3,6 

50 

100.     1. 

59,7 

50 

101. 

51. 

43,3 

50 

103. 

33. 

27,0 

75 

100.     5. 

33,3 

152,75 

101. 

55. 

1,0 

160,75 

lOS. 

36. 

30,6 

3.     33,1 

3.     ,17,2 

S.       3,2 

CX)100.     9. 

6,4 

32,5 
32,0 
31,5 

153,00 

101. 

58. 

18,2 

16,8 
16,3 
15,9 

161,00 

108. 

39. 

33,8 

2,8 

2,3^ 

2,0 

25 
50 

75 

100.   12. 
100.   16. 
100.   19. 

38,9 
10,9 
42,4 

25 

50 

153,75 

102. 
102. 
102. 

1. 
4. 
8. 

35,0 

51,3 

7,2 

25 

50 

161,75 

103. 
103. 
103. 

42. 
45. 
48. 

36,© 
38,9 
40,9 

^.      31  O 

S        15  4 

3.        1,5 

1  2 

DO 

100.  23. 

13,4 

30,5 
30,0 
29,4 

154,00 

102. 

11. 

22,6 

14  9 

162,00,103. 

51. 

42,4 

25 
50 

75 

100.   26. 
100.  30. 
100.   33. 

43,9 
13,9 
43,3 

25 

50 

154,75 

102. 
102. 
102. 

14. 

17. 
21. 

37,5 

52,0 

6,0 

1  r,*^! 

14,5 
14,0 

25  103. 

50"  103. 

162,75  104. 

54. 

57. 
0. 

43,6 
44,3 
44,6 

0,7 
0,3 

3.     28,9 

28,4 
27,9 
27,4 

^        13  6 

3.       0,0 

• 

X) 

100.   37. 

12,2 

155,00 

102. 

24. 

19,6 

13a 

163,00104. 

3. 

44,6 

25 

100.  40. 

40,6 

25 

102. 

27. 

32,7 

12,7 
12,2 

25104. 

6. 

44,1 

^9              i/^,«L/ 

59,1 

CO    o 

50100.   44. 

8,5 

50 

102. 

SO. 

45,4 

50104. 

9. 

43,2 

75100.  47. 

35,9 

155,75 

102. 

33. 

57,6 

163,75  104. 

12. 

42,0 

58,8 

1 

3.     26,9 

26,4 
25  Q 

^        118 

2.     58,3 

•57,9 
57,6 
57,1 

30100.  51. 
25100.  54. 

2,8 
29,2 

156,00 
25 

102. 
102. 

37. 
40. 

9,4 
20,7 

xJ*            X  X  ,0 

11,3 
lO  9 

1 

164,00104. 
25  104. 

15. 
18. 

40,3 
38,2 

50 

100.  57. 

55,1 

25,4 

50 

102. 

43. 

31,6 

X  \Jyi7 

lO  ^ 

50104. 

21. 

35,8 

75 

101.      1. 

20,5 

156,75 

102. 

46. 

42,1 

Ji  v/,o 

164,75 

104. 

24. 

32,9 

3.     24,9 

3.      10,0 

2.     56,8 

"— " 

30 

101.      4. 

45,4 

24,5 
23,9 
23,4 

157,00 

102. 

49. 

52,1 

9,6 
9,1 

8,7 

3          8  S 

165,00104. 

27. 

29,7 

56,3 
56,0 
55,6 

2.     55,2 

25 

101.      8. 

9,9 

25 

102. 

53. 

1,7 

25^104. 

30. 

26,0 

50 

75 

101.    11. 
101.    14. 

33,8 
57,2 

50 
157,75 

102. 
102. 

56. 
59. 

10,8 
19,5 

50104. 
165,75  104. 

S3. 
36. 

22,0 
17,6 

—"^ 

O*          ^.6,7  1 

*V.                0,«7 

1 

30 

101.    18. 

20,1 

22,5 
22,0 
21,5 

3.     21,0 

20,6 
20,1 
19,5 

158,00 

103. 

2. 

27,8 

7,8 
7,4 
7,0 

3.       6,6 

6  1 

166,00104. 

39. 

12,8 

54,8 

54,5 

•      54,0 

2.     53,7 

53,8 
52,9 
52,6 

25 

101.   21. 

42,6 

25 

103. 

5. 

35,6 

25  104. 

42. 

7,^ 

50 

75 

101.   25. 
101.   28. 

4,6 
26,1 

50 
158,75 

103. 
103. 

8. 
11. 

43,0 
50,0 

50104. 
166,75104. 

45. 

47. 

2,1 
56,1 

30 

101.   31. 

47,1 

159,00 

103. 

14. 

56,6 

167,00*104. 

50. 

49,8 

25 
50 

75 

101.   35. 
101.   38. 
101.   41. 

7,7 
27,8 
47,3 

25 

50 

■  159,75 

103. 
108. 
103. 

18. 
21. 
24. 

2,7 
8,4 

13,7 

5,7 

5y3 

25  104. 

50104. 

-  167,75  104. 

53. 
56. 
59. 

43,1 
36,0 
28,6 

3.      19,2 

' 

3.       4,8 

1 

2.     52,1 

:..  I. 
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THE  THIRD  TABLE  CONTINUED. 


Days. 


Anomaly. 


D. 


M«       S« 


169,00 


172^00105.  47. 


25105.  50. 


50 
172,75 


173,00 
25 
50 

173,75 


105.  52. 
105.  55. 


174,00 
25 
50 

174,75 


175,00 
25 
50 

175,75 


105.  58. 

106.  1. 
106.  3. 
106.  6. 


106.  9. 

106.  12. 

106.  14. 

106.  17. 


106.  20. 
106.  22. 
106.  25. 
106.  28. 


168,00105.  2.  20,7 

25105.  5.  12,5 

50;  105.  8.  3,9 

168,75105.  10.  55,0 


105.  13.  45,6 

25  105.  16.  35,9 

50105.  19.  25,9 

169,75;  105.  22.  15,5 


170,00105.  25.  4,7 

25105.  27.  53,5 

50jl05.  30.  42,0 

170,75105.  33.  30,1 


171,00105.  36.  17,9 

25|105.  39.  5,3 

501105.  41.  52,3 

171,75105.  44.  39,0 


25,4 
11,4 
57,0 
43,3 


27,2 
11,8 
56,0 
39,9 


23,4 

6,6 

49,5 

32,0 


Differ. 


M.       S. 


2. 


14,2 
56,0 
37,5 
18,6 


Days. 


Anomalv. 


51,8 
51,4 

51,1; 


2.     50,6*' 

50,3 
50,0| 
49,6 

2.     49,2 

48,8 
48,5 
48,1 

2.     47,8 

47,4 
47,0 
46,7; 

2.     46,4 

I 

46,0 
45,6 
45,3 

2.     44,9 

44,6 
44,2| 
43,9 

2.     43,5 

43,2 
42,9 
42,5 

2.      42,2 

41,8 
41,5 
41,1 

2.      40,8 


176,001106 

25 

50 
176,75 


177,00 
25 
50 

177,75 


D.       M.       S. 


.  30. 
106.  33. 
106.  36. 
106.  38. 


178,00 
25 
50 


106.  41. 
106.  44. 
106.  46. 
106.  49. 


106.  52. 
106.  54. 
106.  57. 


I78,7r..l07.     0. 


179,00 
25 
50 

179,75 


180,00 
25 
50 

1 80,75 


107.  2. 

107.  5. 

107.  7. 

107.  10. 


181,00 
25 


oO 


181,75 


1 82,00 
25 
5a 

182,75 


183,00 
25 
50 

183,7  J 


107.  13. 
107.  15. 
107.  18. 
107.  20. 


107.  23. 
107.  26. 
107.  28. 
107.  31. 


107.  33. 
107.  36. 
107.  38. 
107.  41. 


107.  43. 
107.  4G. 
107.  48. 
107.  51. 


59,4 
39,9 
20,1 
59,9 


Differ. 


39,4 
18,6 
57,4 
35,9 


14,1 

51,9 

29,4 

6,6 


43,5 
20,0 
56,2 
32,1 


7,7 
43,0 
18,0 
52,6 


26,9 
0,9 

34,6 
8,0 


41,1 
13,9 
46,3 
18,4 


50,2 
21,8 
53,0 
24,0 


M.      S. 


2. 


40,5j 
40,2 
39,8 


Days. 


2.     39,5 

39,2 
38,8 
38,5 

2.     38,2 

37,8 
37,5 
37,2 

2.     36,9 

36,5 
36,2! 
35,9 

2.     35,6 

35,3 
35,0 
34,6 

2.      34,3 

34,0 

33,7 
33,4 

2.      33,1 

32,8 
32,4 
32,1 

2.      31,8 

31,6 
31,2 
31,0' 

2.      30,6 


Anomaly. 


D.      M.      s. 


184,00107.  53.  54,6 

25  107.  56.  24,9 

50107.  58.  54,9 

184,75  108.     1.  24,7 


185,00 
25 
50 

185,75 


186,00 
25 
50 

186,75 


187,00 
25 
50 

187,75 


188,00 
25 
50 

188,75 


189,00 
25 
50 

189,75 


190,00 
25 
50 

1 90,75 


191,00 
25 


108.  3. 

108.  6. 

108.  8. 

108.  11. 


108.  13. 
108.  16. 
108.  18. 
108.  21. 


108.  23. 
108.  26. 
108.  28. 
108.  30. 


108.  33. 
108.  35. 
108.  38. 
108.  40. 


108.  43. 
108.  45. 
108.  47. 
108.  50. 


108.  52. 
108.  55. 
108.  57. 
108.  59. 


109. 
109. 


5 


dl09. 


191,75  109. 


2. 
4. 
6. 
9. 


54,1 
23,2 
52,Q 
20,5 


48,8 

16,7 
44,4 

11,7 

38,8 

5,6 

32,1 

58,3 


24,2 
49,8 
15,1 
40,2 


5,0 
29,5 
53,7 
17,6 


41,3 
4,6 

27,7 
50,5 


13,1 
35,3 
57,3 
19,0 


Differ. 


M. 


2. 


s. 


30,9 
SOfi 
29,8 

■ 

2.     29,4 

29,1 
28,8 
28,5 

2.     28,3 

27,9 
27,7 
27,3 

2.     27,1 


2.     25,! 


2.     24,8 

24,5 
24^S 
2S,9 

2.     23,7 

23,3 
23,1 
22,8 

2.     22,6 

22,S 
22,0 
21,7 


2.     21 


■1 
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THE  THIRD  TABLE  CONTINUED. 

1 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Days. 

Days. 

Days. 

D. 

M. 

S. 

M.      S. 

D.      M. 

s. 

M.      8. 

D.       M.      8. 

M*         S* 

192,00 

109. 

11. 

40,4 

2.     21,2 
20,9 
20  6 

200,00 

110.  24. 

47,1 

4.     25,5 
24,5 
2<}  6 

216,(^112.  40.    44,G 

1  3.     56,8 
56,0 

;           S5, 1 

25 
50 

109. 
109. 

14. 
16. 

1,6 
22,5 

5 
201,0 

110.  29. 
110.  SS. 

12,6 
37,1 

5 

217,0 

112.  42.    40,8 
112.  46.    36,8 

192,75 

109. 

18. 

43,1 

**V^,v/ 

5 

110.  38. 

0,7 

^i/,v9 

5 

112.  50.    31,9 

2.     20,4 

4.     22,5 

3.     54,4 

193,00 

109. 

21. 

3,5 

90  o 

202,0 

110.  42. 

23,2 

21,6 
20,7 
19,7 

218,0 

112.  54.    26,9 

53,6 
52,8 
52,0 

25 

109. 

23. 

23,5 

19,8 
19,6 

5 

110.  46. 

44,8 

5 

112.  58.    19,9 

50 

109. 

25. 

43,3 

203,0 

110.  51. 

5^5 

219,0 

113.     2.    12,7 

193,75 

109. 

28. 

2,9 

5 

110.  55. 

25,2 

5 

113.     6.      4,7 

2.      19,3 

4.      1 8,7 

3.     51,2 

194,00 

109. 

SO. 

22,2 

19,0 
18,7 
18,5 

204,0 

110.  59. 

43,9 

17,8 
16,9 
16,0 

220,0 

113.     9.    55,9 

50,4 

49.7 
48,8 

25 

109. 

32. 

41,2 

5 

111.     4. 

1,7 

5 

113.   13.    46 jS 

50 

109. 

34. 

59,9 

205,0 

HI.     8. 

18,6 

221,0 

113.   17.    36,0 

194,75 

109. 

37. 

18,4 

5 

111.   12. 

34,6 

5 

113.  21.    24,8 

2        18  <i 

4.      15,0 

14,1 
13,2 
12,3 

- 

3.     48,1 

47,3 
46,6 
45,9 

195,00 

109. 

39. 

36,7 

17,9 

17,7 
17,5 

206,0 

111.   16. 

49,6 

222,0 

113.  25.    12,9 

25 

109. 

41. 

54,6 

5 

111.  21. 

3,7 

5 

lis.  29.      0,3 

50 

109. 

44. 

12,3 

207,0 

111.  25. 

16,9 

223,0 

113.  32.    46,8 

195,75 

109. 

46. 

29,8 

5 

111.  29. 

29,2 

5 

113.  36.    32,7 

2.     17,1 

17,0 

16,7 
16,3 

4.      11,3 
10,5 

3.     45,0 

44,3 
43,5 
48,8 

196,00 

109. 

48. 

46,9 

208,0 

HI.  33. 

40,5 

224,0 

113.  40.    17,7 

25 

109. 

51. 

3,9 

5 

111.  37. 

51,0 

5 

113.  44.      2,0 

50 

109. 

53. 

20,6 

209,0 

111.  42. 

0,6 

87      225.0 
^'1            5 

113.  47.    45,5 

196,75 

109. 

55. 

36,9 

5 

111.  46. 

9,3 

113.  51.    28,3 

2        1f>  2 

Ax                 *7    R  ' 

3.     42,1 

41,4 
40,6 
89,9 

197,00 

109. 

57. 

53,1 

1  ^  Q 

210,0 

111.  50. 

1'7,1 

7,0 
6,1 
5,2 

226,0113.  55.    10,4 

25 

110. 

0. 

9,0 

X  c/,C/ 

15,6 

15,4 

5 

HI.  54. 

24,1 

5113.  58.    51,8 

50 

110. 

2. 

24,6 

211,0 

111.   58. 

30,2 

227,0' 11 4.     2.    32,4 

197,75 

110. 

4. 

40,0 

5 

112.      2. 

35,4 

5114.     6.    12,3 

2       1^1 

4.       4,3 

S,5 
2,6 
1,8 

4.       0,9 

3.     39,2 

38,5 
37,7 
37,0 

3.     36,3 

198,00 

110. 

6. 

55,1 

£*•            X  %J,  1 

14  Q 

212,0 

112.      6. 

39,7 

228,0 

114.     9.    51,5 

25 

110. 

9. 

10,0 

X  7,^ 

14,6 
14,4 

2.      14,1 

5 

112.   10. 

43,2 

5 

114,   13.    30,0 

50 

110. 

11. 

24,6 

213,0 

112.    14. 

45,8 

229,0 

114.  17.      7,7 

198,75 

110. 

13. 

39,0 

5 

112.    18. 

47,6 

5 

114.  20.    44,7 

199,00 

110. 

15. 

53,1 

13,9 
13,6 
13,4 

214,0 

112.  22. 

48,5 

At        n  1 

230,0 

114.  24.    21,0 

35,7 
34,9 
34,3 

25 

110. 

18. 

7,0 

5 

112.   2d. 

48,6 

4         /rq  o                 ^ 

114.  27.    56,7 

50 
199,75 

110. 
110. 

20. 
22. 

20,6 
34,0 

215,0 
5 

112.   3). 
112.  34. 

47,9 
46,4 

58,5 

231,d 
5 

114.  31.    31,6 
114.  35.      5,9 

2.      13,1 

3.     57,6 

3.     33,5 

— ■ 
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THE  'I'HIRD  TABLE  CONTINUED. 

Days. 

Anomaly. 

Differ. 

Days. 

Anomaly. 

Differ. 

• 

Days. 

Anomaly. 

Differ. 

O.       M.      s. 

M.      S. 

D. 

M.      S. 

M. 

s. 

D. 

M.      S. 

M.        S. 

232,0 

233,0 

■       5 

114.  38.  39,4 
114.  42.   12,3 
114.  45.  44,4 
114.  48.   15,9 

3.     32,9 
32,1 
31,5 

3.     30,8 

30,2 
29,5 
28,8 

3.     28,1 

27,5 
26,9 
26,2 

3.     25,5 

24,9 
24,2 
23,6 

3.     23,0 

22,4 

21,7 
21,1 

3.     20,4 

19,9 
19,2 
18,6 

3.      18,0 

17,4 
16,8 
16,2 

3.      15,6 

15,0 
14,4 
13,8 

S.      13,3 

248,0 
5 

249,0 
5 

116. 
116. 
116. 
116. 

26.  48,9 
30.      1 ,5 
33.   13,6 
36.  25,1 

3. 
3. 

3. 

3. 

3. 

3. 

3. 
2. 

2. 

12,6 
12,1 
11,5 

10,9 

10,4 
9,8 
9,2 

8,6 

8,1 
7,6 
7,0 

6,4 

5,9 
5,3 

4,8 

4,3 

3,7 
3,2 
2,6 

2,1 

1,6 

1,1 
0,5 

0,1 

59,5 
58,9 
58,5 

58,0 

57,4 
57,0 
56,4 

56,0 

264,0118. 

5118. 

265,0118. 

5118. 

5.     0,0 

7.  55,4 

10.  50,4 

13.  44,8 

2.     55,4 
55,q 
54^ 

2.     54,0 

53^ 
53,0 
58^ 

2.     58,0 

51,5 
51,1 
50,5 

2.     50,1 

49,7 
49,1 

48,7 
2.     48,8 

47,J 
47,3^ 

2.     46,fl 

46,0 
45,5 
45,0 

2.     44,6 

44,1 
43,7 
43,8 

2.     42,a 

42,J 
41,9 
41,5 

2.     41,1 

234,0114.  52.  46,7 
5:114.  56.  16,9 

235,0114.  59.  46,4 
5  115.      3.15,2 

250,0 
5 

251,0 
5 

116. 
116. 
116. 
116. 

39.  36,0 
42.  46,4 
45.  56,2 
49.     5,4 

266,0 
5 

267,0 
5 

118. 
118. 
118. 
118. 

16.  38,8 
19.  32,S 
22.  25,3 
25.   17,8 

236,0! 

5 
237,0 

5 

115.     6.  43,3 
115.   10.   10,8 
115.   13.  37,7 
115.   17.     3,9 

252,0 
5 

253,0 
5 

116. 
116. 
116. 
117. 

52.   14,0 

55.  22,1 

58.  29,7 

1.  36,7 

268,0 
5 

269,0 
5 

118. 
118. 
118. 
118. 

28.     9,8 
31.      1,3 
S3.  52,4 
36.  42,9 

238,0 

5 

239,0 

'1 

115.  20.  29,4 
115.  23.  54,3 
115.  27.   18,5 
115.  30.  42,1 

254,0 
5 

255,0 
o 

117. 
117. 
117. 
117. 

4.  43,1 

7.  49,0 

10.  54,3 

13.  59,1 

270,0 
5 

271,0 
5 

118. 
118. 
118. 
118. 

39.  33,0 
42.  22,7 
45.  11,8 
48.     0,5 

240,o|ll5.  34.     5,1 
5J115.  37.  27,5 

841,0115.  40.  49,2 
5.115.  44.   10,3 

256,0 

5 

257,0 

5 

117. 
117. 
117. 
117. 

17.     3,4 
20.     7,1 
23.   10,3 
26.   12,9 

272,0 
5 

273,0 
5 

118. 
118. 
118. 
118. 

50.  48,7 
53.  36,5 
56.  23,8 
59.   10,7 

242,0 
5 

243,0 
5 

115.  47.  30,7 
115.  50.  50,6 
115.  54.     9,8 
115.  57.  28,4 

258,0 

5 

259,0 

5 

117. 
117. 
117. 
117. 

29.   15,0 
32.   16,6 
35.   17,7 
38.    18,2 

274,0 
5 

275,0 
5 

119. 
119. 
119. 
119. 

1.  57,0 

4.  43,0 

7.  28,5 

10.    13,5 

244,0 

,      5 

245,0 

5 

116.     0.  46,4 
116.     4.     3,8 
116.     7.  20,6 
116.   10.  36,8 

260,0 
5 

261,0 
5 

117. 
117. 
117. 
117. 

41.    18,3 
44.   17,8 

47.   16,7 
50.   15,2 

276,0 
5 

277,0 
5 

119. 
119. 
119. 
119. 

12.  58,1 
15.  42,2 
18.  25,9 
21.     9,1 

246,0 
5 

247,0 
5 

116.   13.  52,4 
116.   17.     7,4 
116.  20.  21,8 
116.  23.  35,6 

262,0 

5 

263,0 

5 

117. 
117. 
117. 
118. 

53.    13,2 

56.   10,6 

59.     7,6 

2.      4,0 

278,0 
5 

279,0 
5 

119. 
119. 
119. 
119. 

23.  51,9 
26.  34,3 
29.   16,2 
31.  57,7 

^. 
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THE  THIRD  TABLE  CONTINUED. 

Days. 

Anomaly. 

Differ. 

Days. 

Anomaly. 

Differ. 

Days. 

Anomaly. 

Differ. 

D.        M.      s. 

M.      S. 

D.      M.      s. 

M.      S. 

D.      M.       8. 

M.    a. 

280,0 

5 

281,0 

5 

119.  34.  38,8 
119.  37.   19,5 
119.  39.  59,7 
119.  42.  39,4 

2.     40,7 
40,2 

39,7 
2.     39,4 

38,9 
38,5 
38,1 

2.     37,7 

37,2 
36,9, 
36,4 

2.     36,0 

35,6 
35,3 
34,7 

2.     34,4 

34,0 
33,6 
33,2 

2.     32,8 

32,4' 

32,1 

31,6 

2.     31,2 

30,9 
30,4 
30,1 

2.     29,7 

29,3 
28,9 
28,6 

2.     28,2 

296,0 
5 

297,0 
5 

120.  56.  55,5 

120.  59.  23,3 

121.  1.  50,7 
121.     4.  17,7 

2.     27,8 
27,4 
27,0 

2.     26,7 

26,3 
26,0 
25,6 

2.     25,2 

24,8 
24,5 
24,2 

2.     23,7 

23,5 
23,0 
22,7 

2.     22,5 

22,0 
21,6 
21,3 

2.     20,9 

20,6 
20,3 
20,0 

2.      19,6 

19,2 
18,9 
18,6 

2.     18,3 

17,9 
17,5 
17,3 

2.     16,9 

312,0122.  12.  47,3 
5122.   15.     8,9 

313,0122.  17.  20,2 
5  122.   19.  36,1 

-  ■  1 

2.     16,6 
16,8 
15,9 

2.     15,6 

15,3 
15,0 
14,6 

2.     14,3 

• .  14,0 
13,7 
13,4 

2.      13,1 

12,7 
12,5 
12,1 

2.      11,9 

11,5 
11,2 
10,9 

2.      10,5 

10,3 

10,0 

9,7 

2.       9,4 

9,1 

8,7 
8,5 

2.        8,2 

7,9 
7,6 
7,3 

2.       7,0 

282,0 
5 

283,0 
5 

119.  45.   18,8 
119.  47.  57,7 
119.  50.  36,2 
119.  53.   14,3 

2*8,0 

5 

299,0 

5 

121.     6.  44,4 
121.     9.   10,7 
121.   11.  36,7 
121.   14.     2,8 

314,0 
5 

315,0 
5 

122.  21.  51,7 
122.  24.  7,0 
122.  26.  22,0 
122.  28.  36,6 

284,0 

.    5 

285,0 

5 

119.  S5.  52 fi 

119.  58.  29,2 

120.  1.     6,1 
120.     3.  42,5 

300,0 
5 

301,0 
5 

121.   16.  27,5 
121.   18.  52,3 
121.  21.   16,8 
121.  23.  41,0 

316,0 

5 

317,0 

5 

122.  30.  50,9 
122.  S3.  4,9 
122.  35.  18,6 
122.  37-  82,0 

286,0 
5 

287,0 
5 

120.     6.    18,5 
120.      8.  54,1 
120.   11.   29,4 
120.    14.      4,1 

302,0 
5 

303,0 
5 

121.  26.     4,7 
121.  28.  28,2 
121.  30.  51,2 
121.  33.   13,9 

318,0 
5 

319,0 
5 

122.  39.  45,1 
122.  41.  57,8 
122.  44.  10,3 
122.  46.  22,4 

288,0 

5 

289,0 

5 

120.    16.   38,5 
120.    19.    12,5 
120.   21.  46,1 
120.   24.    19,3 

304,0 
5 

305,0 
5 

121.  35.  36,4 
121.  37.  58,4 
121.  40.  20,0 
121.  42.  41,3 

320,0 
5 

321,0 
5 

122.  48.  34,3 
122.  50.  45,8 
122.  52.  57,0 
122.  55.     7,9 

290,0 
5 

291,0 
5 

120.  26.  52,1 
120.  29.  24,5 
120.  31.  56,6 
120.  34.  28,2 

306,0 

5 

307,0 

5 

121.  45.     2,2 
121.  47.  22,8 
121.  49.  43,1 
121.  52.     3,1 

322,0 
5 

323,0 
5 

122.  57.   18,4 

122.  59.  28,7 

123.  1.  88,7 
123.     3.  48,4 

292,0 
5 

293,0 
5 

120.   36.  59,4 
120.   39.   30,3 
120.   42.     0,7 
120.  44.  30,8 

308,0 
5 

309,0 
5 

121.  54.  22,7 
121.  56.  41,9 

121.  59.     0,8 

122.  1.   19,4 

324,0 
5 

325,0 
5 

123.  5.  57,8 
123.  8.  6,9 
123.  10.  15,6 
123.   12.  24,1 

294,0 
5 

295,0 
5 

120.  47.     0,5 
120.  49.   29,8 
120.   51.  58,7 
120.  54.  27,3 

310,0 
5 

311,0 
5 

122.     3.  37,7 
122.     5.  55,6 
122.     8.   13,1 
122.   10.  30,4 

326,0 

5 

•  327,0 

5 

123.  14.  32,3 
123.  16.  40,2 
123.  18.  47,8 
123.  20.  55,1 
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/ 

Anomaly. 

Differ.  ■ 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Days. 

, 

Days. 

Days. 

1 

' 

D. 

!&•       S* 

M.         S. 

D. 

M. 

s. 

M.         S. 

1 

D. 

M. 

S. 

M.         S. 

828,0 

123. 

23.      2,1 

2.      6,8 
6,4 
6  2 

344,0 

124. 

28. 

19,5 

1 .     58.0 

'■    360,0 

125. 

29. 

13,3 

1.     50.^ 

5 

123. 

25.      8,9 

5 

124. 

30. 

17,5 

57,8 
57,4 

5 

125. 

31. 

3,6 

50,d 
49,« 

329,0 

123. 

27.    15,3 

345,0 

124. 

32. 

15,3 

361,0 

125. 

32, 

53,6 

5 

123. 

29.    21,5 

%Jy^ 

5 

124. 

34. 

12,7 

5 

125. 

34. 

43,4 

• 

2.      5,8 

5,6 
5,3 
5,0 

1.     57,3 

57,0 

56,7 
56,5 

1.     49,fl 

49J 
49,8^ 
48,» 

830,0 

123. 

31.    27,3 

346,0 

124. 

36. 

10,0 

362,0 

125. 

36. 

33,0 

5 
331,0 

123. 
123. 

33.    32,9 
35.    38,2 

5 
347,0 

124. 
124. 

38. 
40. 

7,0 
3,7 

5125. 
363,0125. 

38. 
40. 

22,3 
11,5 

5 

123. 

37.    43,2 

5 

124. 

42. 

0,2 

5;  125. 

42. 

0,4 

"s..  . 

2        4  8 

1.     56,2 

56,0 
55,1 
55,5 

i 

1.     48,6 

48,5 
48,3 
48,1 

# 

332,0 
5 

1^3. 
123. 

39.    48,0 
41.   52,4 

,      4,4 

4  2 

348,0 
5 

124. 
124. 

43. 
45. 

56,4 
52,4 

364,0  1 25. 
5125. 

43. 
45. 

49,0 
37,5 

> 

333,0 

123. 

43.   56,6 

349,0 

124. 

47. 

48,1 

365,0, 1 25. 

47. 

25,7 

5 

123. 

46..    0,5 

«7,«7 

5 

124. 

49. 

43,6 

5 

125. 

49. 

13,8 

2.      3,6 

1.     55,3 

1 .     47,8 

334,0 

123. 

48.      4,1 

^  ^ 

350,0 

124. 

51. 

38,9 

55,0 

54,8 
54,5 

366,0 

125. 

51. 

1,6 

47,5 
47,4 

47,1 

5 

123. 

50.      7,4 

3,1 
2  8 

5 

124. 

53. 

33,9 

5 

125. 

52. 

49,1 

335,0 

123. 

52.    10,5 

351,0 

124. 

55. 

28,7 

367,0 

125. 

54. 

36,5 

5 

123. 

54.    13,3 

^,C7 

5 

124. 

57. 

23,2 

5 

125. 

56. 

23,6 

2.       2.5 

• 

1.     54,2 

'i4  1 

1.     46,9 

46,7 
46,5 
46,3 

1.     46,0 

45,8 

45,7 
45,4 

336,0 

128. 

56.    15,8 

2  2 

352,0 

124. 

59. 

17,4 

368,0 

125. 

58. 

10,5 

5 

123. 

58.    18,0 

2  O 

5 

125. 

1. 

11,5 

53,8 
53,5 

1.     53,3 

53,1 
52,8 
52,6 

5 

125. 

59. 

57,2 

337,0 

124. 

0.    20,0 

1,7 

2.        14 

353,0 

125. 

3. 

.',,3 

369,0 

126. 

1. 

43,7 

5 

124. 

2.    21,7 

5 

125. 

4. 

58,8 

5 

126. 

3. 

30,0 

338,0 
5 

124. 
124. 

4.    23,1 
6.    24,3 

1,2 
0,9 
0  6 

354,0 
5 

125. 
125. 

6. 

8. 

52,1 
45,2 

»  370,0 
5 

126. 
126. 

5. 

1. 

16,0 
1,8 

339,0 

124. 

8.    25,2 

355,0 

125. 

10. 

38,0 

371,0 

126. 

8. 

47,5 

5 

124. 

10.    25,8 

v^,  v/ 

5. 

125. 

12. 

30,6 

5 

126. 

10. 

32,9 

2.       OS 

1.     52,3 

52,1 
51,9 
51,7 

1.     45,1 

45/) 

44,8 
44,6 

340,0 

124. 

12.    26,1 

2-       0  1 

356,0 

125. 

14. 

22,9 

372,0 

126. 

12. 

18,0 

5 
341,0 

124. 
124. 

14.    26,2 
16.    26,0 

1.    59,8 
59  f? 

5 
357,0 

125. 
125. 

16. 

18. 

15,0 
6,9 

5 
373,0 

126. 
126. 

14. 
15. 

3,0 

47,8 

5 

124. 

18.    25,6 

«^^,W 

5 

125. 

19. 

58,6 

5 

126. 

17. 

32,4 

1.     59  'l 

1.     51,4 

51,2 

50,9, 

50,7' 

1 .     50,5 

1.     44,4 

44,1 
43,9 
43,8 

342,0 
5 

343,0 
5 

124. 
124. 
124. 
124. 

20.    24,9 
22.    23,9 
24.    22,7 
26.    21,2 

59,0 

58,8 
58,5 

1-    58,3 

* 

358,C 
5 

359,0 
5 

125. 
125. 
125. 
125. 

21. 
23. 

25. 

'27. 

50,0 

41,2 
32,1 
22,8 

374,0 
5 

375,0 
5 

126. 
1 26. 
126. 
126. 

19. 
21. 
22. 
24. 

16,8 

0,9 

44,8 

28,6 

; 

1 

^  1*     4S,J 

im^ 
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Anomaly. 

Dilicr 

Anomaly. 

Diftcr. 

Anomaly. 

Differ. 

Days. 

Days. 

Days. 

D. 

JJ.      S. 

M.        S. 

D. 

M. 

s. 

M. 

s. 

0.      M. 

s. 

M.      S. 

376,0 
5 

126. 
126. 

26.  12,1 

27.  55,4 

1.  43,3 
43,1 
43  0 

392,0:127. 
5  127. 

19. 
21. 

40,1 
17,2 

1. 

37,1 
36,9 
36.7 

416 

417 

128.  34. 
128.  36. 

2,2 
59,8 

2.  57,6 
56,9 
56,3 

377,0 

126. 

29.  38,5 

393,0  127. 

22. 

5^1 

418 

128.  39. 

56,7 

3 

126. 

31.  21,5 

A  «^,v/ 

5 

127. 

24. 

30,8 

c/v^,  1 

419 

128.  42. 

53,0 

1-  42,7 
42,5 

1 

36,6 
36.3 

2.   5?  7 

378,0 

126. 

33.     4,2 

394,0 1 127. 

26. 

7,* 

X  • 

420 

128.  45. 

48,7 

55,1 

54,4 
53,8 

5 

126. 

34.  46,7 

42,3 
42,1 

5  127. 

1 

27. 

43,7 

^fi  9. 

421 

128.  48. 

43,8 

379,0 

126. 

36.  29,0 

39.:,0|l27. 

29. 

19,9 

36,0 

422 

128.  51. 

38,2 

5 

126. 

38.    11,1 

5:127. 

30. 

55,9 

423 

128.  54. 

32,0 

1.  41,9 
41,7 

41,5 
41,3 

1.  41,1 

40,9 
40,7 
40,5 

1.  40,4 

40,1 
39,9 
39,8 

1.  39,5 

1 

<i^  8 

2.  53,3 

52,6 
52,0 
51,4 

2.  50,8 

50,2 
49,6 
49,0 

2.  48,5 

47,9 
47,3 
46,7 

2.  46,2 

380,0 

126. 

39.  53,0 

396,0 

127. 

32. 

31,7 

X  • 

35,7 

<l^  4. 

" 
424 

128.  57. 

25,3 

5 

126. 

41.  34,7 

5  127. 

34. 

7,4 

425 

128.     0. 

17,9 

381,0 

126. 

43.    16,2 

397,0 

127. 

35. 

42,8 

426 

128.     3. 

9,9 

5 

126. 

44.  57,5 

5 

127. 

37. 

18,1 

1 

S'j  1 

427 

128.     6. 

1,3 

382,0 

126. 

46.  38,6 

398,0 :  127. 

38. 

53,2 

A,  • 

34,9 

34,7 
<^4  f> 

428 

129.     8. 

52,1 

5 

126. 

48.    19,5 

5  127. 

40. 

28,1 

• 

429 

129.   11. 

42,3 

383,0 

126. 

50.     0,2 

399,0  127. 

42. 

2,8 

• 

430 

129.   14. 

31,9 

5 

126. 

51.  40,7 

5 

127. 

43. 

37,4 

1 

S4  4. 

431 

1 

129.   17. 

20,9 

384,0 

5 

126. 
126. 

53.  21,1 
55.     1,2 

400 
401 

127. 
127. 

45. 

48. 

11,8 
20,0 

2. 

8,2 
7,6 
6,8 

•fi  1 

432 
433 

129.  20. 
129.  22. 

9,4 
57,8 

385,0 

126. 

56.  41,1 

402 

127. 

51. 

27,6 

*?• 

434 

129.  25. 

44,6 

5 

126. 

58.  20,9 

403 

127. 

54. 

34,4 

s 

435 

129.  28. 

31,3 

\^» 

\Jj^ 

386,0 

127. 

0.     0,4 

39,4 
39,1 
39,0 

1.  38,8 

38,6 

404 

127. 

57. 

40,6 

5,5 

4,2 
^  4 

436 

129.  31. 

17,5 

45,6 
45,0 
44,5 

2.  43,9 

43,4 

5 

127. 

1.   39,8 

405 

128. 

0. 

46,1 

437 

129.  34. 

3,1 

387,0 
5 

127. 
127. 

3.  18,9 

4.  57,9 

406 
407 

128. 
128. 

3. 
6. 

50,8 
55,0 

a 

438 
439 

129.  36. 
129.  39. 

48,1 
32,6 

388,0 
5 

127. 
127. 

6.  36,7 
8.   15,3 

408 

409 

128. 
128. 

9. 
13. 

58,4 
1,2 

t^» 

\JyT 

2,8 

2,1 
1,4 

0,8 

440 
441 

129.  42. 
129.  44. 

16,5 
59,9 

389,0 
5 

127. 
127. 

9.  53,7 
11.   31,9 

38,4 
38,2 

1.   38,0 

410 
411 

128. 
128. 

16. 
19. 

3,3 

4,7 

3. 

442 
443 

129.  47. 
129.  50. 

42,7 
25,0 

42,8 
42,3 

2.  41,7 

v^. 

390,0 

5 

391,0 

127. 
127. 
127: 

13.  9,9 

14.  47,7 
16.  25,4 

37,8 
37,7 

412 
413 
414 

128. 
128. 
128. 

22. 
25. 

28. 

5,5 

5,7 
5,2 

3. 
2. 

0,2 
59,5 
58,8 

58,2 

444 
445 
446 

129.  53. 
129.  55. 
129.  58. 

6,7 
47,9 
28,5 

41,2 
40,6 

5 

127. 

18.      2,8 

37,4 
1.  37,3 

415 

128. 

31. 

.4,0 

2. 

447 

129.      1. 

8,6 

40,1 
2.  39,6 



1 

■ 
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Days. 


448 
449 
450 
4.51 


452 
453 
454 
455 


456 
457 
458 
459 


460 
461 
462 
463 


464 
465 
466 
467 


468 
469 
470 
471 


■«*i 


472 
473 
474 
475 


476 

'477 
478 
479 


Anomaly. 


D.     M.     s. 


SO,  3. 

30.  6, 

30:  9. 

30.  U. 


48,2 

27,3 

5,8 

43,8 


30.  14.  21,3 

30.  16.  SSfi 

30.  19.  34,7 

30.  22.  10, 


30.  24. 

30.  27. 

30.  29. 

30.  32. 


30.  35. 

30.  37. 

30.  40. 

30.  42. 


'JO.  45. 

30.  47. 

30.  50. 

30.  52. 


31.  5. 

31.  7. 

31.  10. 

31.  12. 


/ 


46,1 
21,1 
55^5 
29,4 


2,9 

35,8 

8,3 

40,2 


11,7 
42,7 
1 3,2 
43,2 


30.  55.  12,8 
*M.  57.  41,8 

31.  O.  10,4 
31.  2.  38,5 


6,2 
33,4 

0,1 
26,4 


Differ. 


M.       S. 


,'il.    14.  52,2 

31.   17.  17,6 

31.   19.  42,5 

31.  22.  7,0! 


2.  39,1 
38,5 
,38,0 

2.     37,5 

'  37,0 
.36,4 
'36,0 

2.     35,4 

'  3J!>,0 

'^4,4 

;  33,9 


33,5 


Days . 


480 
481 
482 
483 


484 
485 
486 
487 


i«**i 


488 
4S9 
490 
491 


2.      31,5 

31,0 
30,5 
30,0 

2. 


495 


2. 


25,4 

24,911 


500 

^501 

502 

503 


Anoiiialv. 


D.     M.     s. 


A 


,505 

.506 
507 


31.  24.  31,0 

31.  26.  54,6 

3t  29.  3  7,8 

31.  31.  40,5 


31.  34. 

31.  36. 

31.  38. 

31;  41. 


24,5 

45,9 

6,9 


31.  43. 
31.  45. 
31-.  48. 
3K  50. 


27,4 

47,5 

7,2 

26,5 


31.  52. 

31.  55. 

31.  57. 

31.  59. 


45,3 

3,S 

21,8 

39,3 


39.  1.  ^  5(^^5 
32. »  4.  13,3 
32i  ■'  6.  29,7 
32.^   8.    45,7 


32.  11.  •    1,2 

33.  '13.  VI  6,4 

ri2.  ?vi5.  t  a  1  ,a 

32.  ii»7.   -45^ 


32.  19.  ;a9,t5 

3*  22.  '^rO,! 
32.  84.  -86,3 
32i  =26.   '89,1 


1    o 


21.,(;!. 


32.  <28.  151,5 
32.  .3]..-:  (^^S 
32.  83.  •'15,2 
32.   35, '  26,4 


Differ. 


M. 


S. 


2. 


23,6 
23,2 

22,7 


Days. 


2. 


2.     22,2- 

I 
21,8' 

>1,4| 

iJl,0| 

20,5 

20,1; 
19,7 
19,3 

1S,8 

18,51 

i8,o; 

17,5; 
17,2 

16,8 
16,4 

i6,o; 


o. 


2.  15,5 
,      ':'i-5,2! 

■2.  14,0| 

•  13»6, 

I     •  ?3'2i 

'     •  S'2,S: 

2.  1 2,4; 


12,0, 

^^);7' 

'11,2 
10,9 


Anomaly.    I    Differ. 


D.      M.      s. 


BI.      s. 


512 
513 
514 
515 


516 

517 
518 
519 


520 
521 
522 
523 


132. 
132. 
132. 
132. 


37. 
39. 
41. 
44. 


37,3 

47,81 

58,0 

7,7 


2. 


132. 
132. 
132. 
133. 


46. 
48. 
50. 
52. 


17,1 
26^1 
34,8 
43,0 


524 
525 
526 
527 


528 
529 
530 
531 


532 
5^3 
5S4f 
535 


132. 
132. 
132. 

133. 


54. 

56. 

59. 

1. 


50,9 
58,5 

5,7 
12,5 


133. 
133. 
133. 
133. 


3. 
5. 

7. 
9. 


19,0 
25,1 
30,9 
S6,S 


133. 
133. 
133. 
133. 


11. 
13. 
15. 
17. 


41,3 

50,4 
54'^ 


133. 
133. 
133. 
133. 


19. 
22. 
24. 
26. 


58,1 
1.4 
4,4 
7,1 


536 

537 
538 
539 


540 

54 1 
J.2 


133. 
133. 
133. 
133. 


28. 
30. 
32. 

34. 


9,4 
a  1,3 

id,o 

14,3 


.J* 


5-13 


133. 

133. 

,133. 

133. 


36. 


«>S. 


15,0 
15,9 

40.  •re,'© 

42..  46,2 


r-»».^ 


10^ 

10,S 

9,7 


2.      9,4 
9,C 

8,1 

2.       7i 

V 

V 
6,J 


6,1| 
5,J 

2.       Sfi 


'i    I.,.' 


1i 


2. 


4.7l 
4, 


2,7 


2. 


J   -J  ■! 
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THE  THIRD  TABT.K  CONTINUED. 

Anomaly. 

Differ. 

Days. 

Anomaly. 

Differ. 

Day?. 

Anomaly. 

Differ. 

D.      M.     s. 

M  •            S« 

D.      M.     S. 

M.          S. 

D.       M.     S. 

M.        9. 

133.  44.  1.5,9 
133.  46.  1.5,2 
133.  48.  14,2 
133.  50.  12,9 

1.    59,3 
59,0 

58,7 

1.    58,4 

58,1 

57,7 
57,5 

1.    57,1 

66,8 
56,4 
56,2 

1.    55,9 

55,5 
55,3 
54,9 

1.    54,7 

54,3 
54,1 
53,7 

1.    53,4 

33,2 
52,9 
52,5 

1.    52,S 

52,0 
51,7 
61,4 

1.    51,2 

50,8 
50,5 
50,3 

1.    50,0 

576 

577 
578 
679 

134.  46.  21,7 
134.  47.  11,4 
134.  49.  0,9 
134.  50.  50,0 

1.    49,7 
49,6 
49,1 

1.    48,8 

48,6 
48,S 
48,1 

1.    47,8 

47,5 
47,3 
47,0 

1.    46,7 

46,4 
46,1 
45,9 

1.     46,6 

45,4 
45,1 
44,9 

1.    44,6 

44,3 
44,1 

43,8 

I.    43,6 

43,3 
43,1 

42,^1 

1.    42,6 

42,31 

42,0 

41,8 

1.    41,6 

608 
609 
610 
611 

J  3.5.  41.  39,4 
135.  43.  20,8 
135.  46.     1,9 
135.  46.  42,7 

1.    41,4 
41,1 

40,8 

1.    40,6 

40,3 
40,1 
39,9 

1.    39,6 

39,4 
39,2 
38,9 

1.    38,7 

38,6 
38,2 
38,0 

1.    37,8 

37,6 
37^ 
37,1 

1.    36,9 

36,6 
36,i 
S6,« 

1.    36,0 

35.7 
35,5 
35,5 

1.    35,1 

34.8 
34,7 
34,4 

1.    34,i 

133.  52.   11.3 
133.  54.     9,4 
133.  56.    7,1 
133.  58.    4,6 

580 
581 

582 
583 

134.  62.  38,8 
134.  54.  27,4 
134.  .56.  J  6,7 
134.  58.    3,8 

612 
613 
614 
615 

135.  48.  23,3 
135.  50.    3,6 
1.35.  51.  43,7 
135.  63.  23,6 

134.    0.     1,7 
134.     1.  58,5 
134.    3.  54,9 
134.    5.  51,1 

584 

585 
586 
587 

134.  59.  61,6 
136.     1.  39,1 

135.  3.  26,4 
135.    6.  13,4 

616 
617 
618 
619 

135.  65.    3,2 
135.  56.  42,6 

135.  58.  21,8 

136.  0.    0,7 

134.    7.  47,0 
134.    9.  42,5 
134.  11.  37,8 
134.  13.  32,7 

688 
589 
690 
691 

135.  7.    0,1 

136.  8.  46,6 
135.  10.  32,6 
135.  12.  18,6 

620 
621 
622 
623 

136.    I.  39,4 
136.    3.  17,9 
136.    4.  66,1 
136.    6.  34,1 

134.  15.  27,4 
134.  17.  21,7 
134.  19.  15,8 
134.  21.    9,5 

692 
693 
694 
595 

135.  14.  4,1 
135.  15.  49,5 
135.  17.  34,6 
135.  19.  19,5 

624 
625 
626 
627 

136.    8.  11,9 
136.    9.  49,4 
136.   II.  26,7 
136.  13.    3,8 

134.  23.    2,9 
134.  24.  56.1 
134.  26.  49,0 
134.  28.  41,5 

596 
697 
698 
599 

135.  21.    4,1 

136.  22.  48,4 
135.  24.  32,5 
135.  26.  16,3 

628 
629 
630 
631 

136.  14.  40,7 
136.  16.  17,3 
136.  17.  63,7 
136.  19.  29,9 

134.  30.  33.8 
134.  32.  25,8 
134.  34.  17,5 
134.  36.    8,9 

600 
601 
602 
603 

136.  27.  69,9 
\3b.  29.  43,2 

135.  31.  26,3 

136.  33.    9,1 

632 
633 
6.34 
635 

136.  21.    5,9 
136.  22.  41,6 
136.  24.  17,1 
136,  26.  52,4 

134.  38.    0,1 
134.  39.  50,9 
134.  41.  41,4 

1,94.  43,  31,7 

• 

604 
605 
606 
607 

136.  34.  51,7 
13.5.  36.  34,0 

135.  38.  16,0 

136.  39.  57,8 

636 
637 
638 
639 

9 

136.  27,  27,5 
136.  29.    2,3 
136.  30.  37,0 
136.  32.  11,4 

■ 

. 

I. 


3o 
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THE  THIRD  TABLE  CONTINUED. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Anomaly. 

Di£fer. 

Days. 

Days. 

Days. 

• 

D.      M. 

s. 

M.      S. 

D. 

M. 

s. 

M.        S. 

D.      M. 

s. 

M.      8. 

640 

136.  33. 

45,6 

I.      34,0 
33,8 
33,5 

672 

137. 

22. 

10,7 

1.     27,5 
27,3 
27,1 

710,0 

138.  15. 

28,2 

S       91^ 

641 

136.  35. 

19,6 

673 

137. 

23. 

38,2 

712,5 

138.   18. 

49,8 

w«         mXjf9t 

642 
643 

136.  36. 
136.  38. 

53,4 
26,9 

674 
675 

137. 
137. 

25. 
26. 

5^ 
32,6 

715,0 
717,5 

138.  22. 
138.  25. 

10,3 
29,8 

1^ 

1.     33,4 

33,1 
32,9 
32,7 

1.     32,5 

<I9  <1 

1.     27,0 

26,7 
26,6 
26,4 

1.     26,2 

26,0 
25,8 
25,6 

1.     25,5 

25,3 
25,1 
24,9 

1.     24,7 
24,6 

24  <t 

s.    isjI 

644 

136.  40. 

0,3 

676 

137. 

27. 

59,6 

720,0 

138.  28. 

48,4 

645 

136.  41. 

33,4 

677 

137. 

29. 

26,3 

722,5 

138.  32. 

5,9 

646 

136.  43. 

6,3 

678 

137. 

30. 

52,9 

725,0 

138.  35. 

22,4 

647 

136.  44. 

39,0 

679 

137. 

32. 

19,3 

727,5 

138.   38. 

37,9 

3.     14,« 

ii3 

3.    io,a 

9,8 
8,8 

3.       7,C 
6,9 

SA 

4,S 

3.       3,5 

2,5 
1,7 
0,9 

2.       0,0 

2.     59,1 
58,3 
57,5 

2.     56,6 

ssA 

55fi 
54,8 

■ 

648 

136.  46. 

11,5 

680 

137. 

33. 

45,5 

730,0 

138.  41. 

52,5 

649 

136.  47. 

43,8 

<t9  1 

681 

137. 

35. 

11,5 

732,5 

138.  45. 

6,1 

650 

136.  49. 

15,9 

31,9 

1.     31,7 

31,4 
^1  ^ 

682 

137. 

36. 

37,3 

735,0 

138.  48. 

18,7 

651 

136.  50. 

47,8 

683 

137. 

38. 

2,9 

737,5 

138.  51. 

30,8 

652 

136.  52. 

19,5 

684 

137. 

39. 

28,4 

740,0 

138.  54. 

41,1 

658 

136.  53. 

50,9 

685 

137. 

40. 

53,7 

742,5 

138.  57. 

50,9 

654 

136.  55. 

22,2 

31  O 

686 

137. 

42. 

18,8 

745,0 

1 39.     0. 

59,7 

655 

136.  56. 

53,2 

1        so  Q 

687 

137. 

43. 

43,7 

747,5 

139.     4. 

7,7 

656 

136.  58. 

24,1 

30,6 
SO  5 

688 

137. 

45. 

8,4 

750,0 

139.     7. 

14,7 

6^ 

136.  59. 

54,7 

689 

137. 

46. 

33,0 

752,5 

139.   10. 

20,9 

658 

137.     1. 

25,2 

30  9. 

690 

137. 

47. 

57,3 

24,2 

1.     24,1 

23,8 
23,7 
23,5 

1.     23,3 
21  1 

755,0 

139.   IS. 

26,1 

6J9 

137.     2. 

55,4 

1.     so  1 

691 

137. 

49. 

21,5 

757,5 

139.   16. 

30,4 

660 

137.     4. 

25,5 

29,8 

29,7 
29  4. 

692 

137. 

50. 

45,6 

760,0 

139.   19. 

33,9 

661 

1 37.     5. 

55,3 

693 

137. 

52. 

9,4 

762,5 

139.  22. 

36,4 

662 

137.     7. 

25,0 

694 

137. 

53. 

33,1 

765,0 

139.  25. 

38,1 

663 

1 37.     8. 

54,4 

1.     29,3 
29  0 

695 

137. 

54. 

56,6 

767,5 

139.  28. 

39,0 

664 

137.  10. 

23,7 

696 

137. 

56. 

19,9 

770,0 

139.  31. 

39,0 

665. 

187.  11. 

52,7 

28,9 
28  fi 

697 

137. 

57. 

43,0 

23,0 
22,8 

1.     22,6 

3.     25,8 
24,7 
23,7 

772,5 

139.  34. 

38,1 

666 

137.  13. 

21,6 

698 

137. 

59. 

6,0 

775,0 

139.  37. 

36,4 

667 

137.  14. 

50,2 

1.      28  ^ 

;     699 

138. 

0, 

28,8 

777,5 

139.  40. 

33,9 

668 

137.   16. 

18,7 

28,3 
28,1 
27,9 

700 

138. 

1. 

51,4 

780,0 

139.  43. 

SO,5 

669 

137.   17. 

47,0 

702,5 

138. 

5. 

17,2 

782,5 

139.  46. 

26,4 

670 

137.   19. 

15,1 

705,0 

138. 

8. 

41,9 

785,0 

139.  49. 

21,4 

671 

137.  20. 

43,0 

707,5 

138. 

12. 

5,6 

787,5 

139.  52. 

15,6 

1.     27,7 

3.     22,6 

2.     53,4 

1 
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THE  THIRD  TABLE  CONTINUED. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Days. 

Days. 

Days. 

1 

D.       M.      s. 

M.      S. 

D. 

M. 

s. 

M.         S. 

D. 

M. 

s. 

M.      S. 

790,0 

139.  55.      9,0 

2.     52,6 
51,8 
51  O 

870,0 

141. 

21. 

9,0 

2.     30,1 

29i5 
28  8 

950,0 

142. 

36. 

24,4 

2.      12,2 
11,7 

11     S 

792,5 

139-  58.       1,6 

872,5 

141. 

23. 

39,1 

952,5 

142. 

38. 

36,6 

795,0 

140.     0.    53,4 

875,0 

141. 

26. 

8,6 

955,0 

142. 

40. 

48,3 

797,5 

JL  Yw.        ^«      44, 4f 

2.     50,3 

49,4 

48,7 
48,0 

2.     47,2 

877,5 

141. 

28. 

37,4 

2.     28,3 

27,6 

27,1 
26,4 

2.     25,9 

957,5 

142. 

42. 

59,6 

JL  *  ,^ 

2.      10,7 
10,2 

800,0 

140.     6.    34,7 

880,0 

141. 

31. 

5,7 

960,0 

142. 

45. 

10,3 

802,5 

140.     9,    24,1 

882,5 

141. 

33. 

33,3 

962,5 

142. 

47. 

20,5 

805,0 

140.   12,     12,8 

885,0 

141. 

36. 

0,4 

965,0 

142. 

49. 

30,3 

9,3 
2.        8,7 

807r5 

140,    15.      0,8 

887,5 

141. 

38. 

26,8 

967,5 

142. 

51. 

39,6 

810,0 

140.   17.    48,0 

46,4 

45,7 
45,0 

2.     44,3 

43,5 
42,8 
42,1 

2.     41,4 

40,6 
40,0 
39,3 

890,0 

141. 

40. 

52,7 

25,2 

24,7 
24,0 

2.     23,6 

22,9 
22,3 
21,7 

2.     21,3 

20,7 
20,1 
19,5 

970,0 

142. 

53. 

48,3 

8,3 
7,9 
7,3 

2.       6,9 

.6,5 

SyS 

2.       5,1 

4,6 

4,1 

8,7 

812,5 

140.  20.    34,4 

892,5 

141. 

43. 

17,9 

972,5 

142. 

55. 

56,6 

815,0 

140.  23.    20,1 

895,0 

141. 

45. 

42,6 

975,0 

142. 

58. 

4,5 

817,5 

140.  26.       5,1 

897,5 

141. 

48. 

6,6 

977,5 

143. 

0. 

11,8 

820,0 

140.  28.    49,4 

900,0 

141. 

50. 

80,2 

980,0 

143. 

2. 

18,7 

822,5 

140.  31.    32,9 

902,5 

141. 

52. 

53,1 

982,5 

143. 

4. 

25,2 

825,0 

140.  34.    15,7 

905,0 

141. 

55. 

15,4 

985,0 

143. 

6. 

31,1 

827,5 

1 

140.  36.    57,8 

907,5 

141. 

57. 

37,1 

987,5 

143. 

8. 

36,6 

830,0 

140.  39.    39,2 

910,0 

141. 

59. 

58,4 

990,0 

143. 

10. 

41,7 

832,5 

140.  42.    19,8 

912,5 

142. 

2. 

19,1 

992,5 

143. 

12. 

46,3 

835,0 

140.  44.    59,8 

915,0 

142. 

4. 

39,2 

995,0 

143. 

14. 

50,4 

887,5 

140.  47.    39,1 

917,5 

142. 

6. 

58,7 

997,5 

143. 

16. 

54,1 

2.     38,6 

37,9 

37,2 

[36,6 

2.     19,0 

18  <> 

2.       3,3 

2,8 
^,3 
2,0 

840,0 

110.  50.     17,7 

920,0 

142. 

9. 

17,7 

1000,0 

143. 

18. 

57,4 

842,5 

140.  52.    55,6 

922,5 

142. 

11. 

36,2 

17,9 
17,4 

1002,5 

143. 

21. 

0,2 

845,0 

140.  55.    32,8 

925,0 

142. 

13. 

54,1 

1005,0 

143. 

23. 

2,5 

847,5 

140.  58.      9,4 

927,5 

142. 

16. 

11,5 

1007,5 

143. 

25. 

4,5 

1 

2.     35,9 

35,2 
34,6 
33,9 

2.     16,9 

16,3 
15,8 
15,3 

2.               lyS 

1,0 

0,6 

2.       0,2 

850,0 

141.     0.    45,3 

930,0 

142. 

18. 

28,4 

1010,0 

143. 

27. 

6,0 

852,5 

141.     3.    20,5 

932,5 

142. 

20. 

44,7 

1012,5 

143. 

29. 

7,d 

855,0 

141.     5.    55,1 

935,0 

142. 

23. 

0,5 

1015,0 

143. 

31. 

7,6 

857,5 

141.     8.    29,0 

937,5 

142. 

25. 

15,8 

1017,5 

143. 

S3. 

7,8 

2.     33,3 

32,6 
32,0 
31,4 

9      ^4,  R 

1.     59,8 

59,4 
58,9 
58,5 

860,0 

141.   11.      2,3 

940,0 

142. 

27. 

30,6 

14,2 

13,7 
13,2 

1020,5 

143. 

35. 

7,6 

862,5 

141.   13.    34,9 

942,5 

142. 

29. 

44,8 

1022,0 

143. 

37. 

7,0 

865,0 
867,5 

141.   16.      6,9 
141.   18.    38,3 

945,0 
947,5 

142. 
142. 

31. 
34. 

58,5 
11,7 

1025,0 
1027,5 

143. 
143. 

39. 
41. 

5,9 

4,4 

2.     30,7 

2.     12,7 

• 

1.     58,1 

1 
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THE  THIRD  TABLE  CONTINUED. 

-] 

1 

Anomaly. 

Differ. 

Ai 

lomaly. 

Differ. 

Anomaly. 

Difibr. 

Days. 

Days. 

Days. 

D. 

M. 

s. 

M.      S. 

D. 

M. 

S. 

M.      S. 

D. 

M.      S. 

M.       8. 

1030,0 

143. 

43. 

2,5 

1,     57,7 
57,8 
56,9 

1 1 10,0 

144. 

42. 

37,4 

1.     45,7 
45,4 
45  O 

1190,0 

145. 

36.  20,9 

1.    95,7^ 
95,« 

10S2,5 

143. 

45. 

0,2 

1112,5 

144. 

44. 

23,1 

1192,5 

145. 

37.  56,6 

1035,0 

143. 

46. 

57,5 

1115,0 

144. 

46. 

8,5 

1195,0 

145. 

39.  S2,0 

1037,5 

143. 

48. 

54,4 

1117,5 

144. 

47. 

53,5 

TT^^jVr 

1197,5 

145. 

41.     7,2 

95,B 

1.     56,5 

56,1 
55,6 
55,3 

1.     44,6 

44,5 
44,1 
43,7 

1.     94g» 
3.       8,8 

1040,0 
1042,5 
1045,0 

143. 
143. 
143. 

50. 
52. 

50,9 
47,0 
42,6 

1120,0 
1122,5 
1125,0 

144. 
144. 
144. 

49. 
51. 
53. 

38,1 

22,6 

6,7 

1200 
1205 
1210 

145. 
145. 
145. 

42.  42,1 
45.  50,9 

48.  58,7 

1047,5 

143. 

56. 

37,9 

1127,5 

144. 

54. 

50,4 

1215 

145. 

52.      5,3 

1         ?4<  Q 

1         4.^  4. 

3.       5,6 
2,3 

1050,0 
1052,5 

143. 
144. 

58. 
0. 

32,8 
27,3 

1 .        .jTr,«7 

54,5 

^j.  1 

1130,0 
1132,5 

144. 
144. 

56. 

58. 

33,8 
16,9 

la            TT^jY 

43,1 
42,7 
42,4 

1220 
1225 

145. 
145. 

55.   10,9 
58.    15,4 

1055,0 
1057,5 

144. 
144. 

2. 
4. 

21,4 
15,1 

53,1 

1135,0 
1137,5 

144. 
145. 

59. 
1. 

59,6 
42,0 

1230 
1235 

146. 
146. 

1.   18,8 
4.  21,1 

1          ?*?  4. 

1.     42,1 

41,8 
41,4 
41,2 

3.        1,3 

0,8 
2.     59,2 

1060,0 

144. 

6. 

8,5 

1  •           ilxJ^'V 

52,9 
52,6 
52,2 

1140,0 

145. 

3. 

24,1 

1240 

146. 

7.  22,4 

1062,5 
1065,0 
1067,5 

144. 
144. 
144. 

8. 

9. 

11. 

1,4 
54,0 
46,2 

1142,5 
1 145,0 
1147,5 

145. 
145. 
145. 

5. 
6. 
8. 

5,9 
47,3 
28,5 

1245 
1250 
1255 

146. 
146. 
146. 

10.  22,7 
13.  21,9 
16.  20,1 

1.     51,8 

1.     40,8 

2.     57,8 

1070,0 

144. 

IS. 

38,0 

51,4 
51,1 
50,7 

1150,0 

145. 

10. 

9,3 

40,5 
40,2 
39,8 

1260 

146. 

19.   17,3 

56,2 
55«S 
54,2 

1072,5 

144. 
144. 

15. 
17. 

29,4 
20,5 

1 152,5 
1 155,0 

145. 
145. 

11. 
13. 

49,8 
30,0 

1265 
1270 

146. 
146. 

22.   13,5 
25.     8,7 

1077,5 

144. 

19. 

11,2 

1157,5 

145. 

15. 

9,8 

1275 

146. 

28.     2,9 

1 .     50,3 

1 .     39,6 

2.     53,2 

, 

1080,0 
1082,5 
1085,0 

144. 
144. 
144. 

21. 
22. 
24. 

1,5 
51,5 
41,0 

50,0 
49,5 

4.Q  9 

1160,0 
1162,5 
1 165,0 

145. 

145. 
145. 

16. 
18. 
20. 

49,4 

28,7 

7,7 

39,3 
39,0 
3Sfi 

1 .     38,4 

38,1 

37,7 
37,5 

1280 
1285 
1290 

146. 
146. 
146. 

30.  56,1 
33.  48,4 
36.  39,8 

52,3 
51,4 

1087,5 

144. 

26. 

S0,2 

I.      48  9 

I J  67,5 

145. 

21. 

46,3 

1295 

146. 

39.  30,2 

50,4 

2.     49,4 

48,5 
47,6 
46,7 

1090,0 
11)92,5 
1095,0 
1097,5 

144. 
144. 
144. 
144. 

28. 
30. 
31. 
S3. 

19,1 

•7,6 

55,8 

43,6 

48,5 
48,2 
47,8 

1170,0 
1172,5 
1175,0 

1177,5 

145. 
145. 
145. 
145. 

23. 
25. 
26. 
28. 

24,7 

2,8 

40,5 

18,0 

1300 
1305 
1310 
1315 

146. 
146. 
146. 
146. 

42.    19,6 
45.      8,1 
47.  55,7 
50.  42,4 

t 

1.     47,4 

1.     37,1 

■ 

2.     45,8 

1100,0 
1102,5 
1105,0 
1107,5 

144. 
144. 
144. 
144. 

35. 
37. 
S9. 
40. 

31,0 

18,1 

4,9 

51,3 

47,1 
46,8 
46,4 

1.     46,1 

1180,0 
1182,5 
1 1 8.5,0 
1187,5 

145. 
145. 
145. 
145. 

29. 
31. 
33. 
34. 

55,1 

32,0 

8,G 

44,9 

36,9 
SC,6 
36,3 

1.     36,0 

1320 
1325 
1330 
1535 

146. 
146. 
146. 
147. 

53.  28,2 
56.   13,1 
58.  57,2' 
1.  40,3 

44,9 

■.  t  .  44,1 

'     43,1 

2.     42,3 
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.  «  ■  . 

Days. 

Anomaly* 

Differ. 

Days. 

Anomaly. , 

Differ. 

Days. 

Anomaly. 

Differ. 

D.   M. 

s. 

M.   S. 

D.   M. 

s. 

M.   S. 

D.   M. 

■ 

s. 

M.   S. 

1340 
1345 

jlS55 

147.  4. 

147.  ;7. 
147.  9. 
147.  12. 

22,6 

4,0 

44,6 

24,3 

2.  41,4 
40,6 
39,7 

2.  38,9 

38,1 
37,2 
36,5 

2.  35,6 

34,8 
34,1 
33,2 

2.  32,5 

31,7 
30,9 
SO,l 

2.  29,5 

28,6 
28,0 
27,2 

2.  26,5 

25,7 
25,0 
24,4 

2.  23,6 

22,9 
22,3 
21,5 

2.  20,9 

20,2 
19,6 

18,8 

2.   18,2 

1500 
1505 
1510 
1515 

148.  24. 
148.  26. 
148.  28. 
148.  30. 

0,8 
18,4 
35,3 
51,6 

2.  17,6 
16,9 
16,3 

2.  15,7 

15,0 
14,4 
13,8 

2.   13,1 

12.6 
11,9 
11,3 

2.   10,8 

io,i 

9,6 

e,9 

2.   8,5 

%s 

7,2 
«,7 

'2.   6,2 

5,5 
5,0 

4,5i 

2.   4,0 

3,4 
2,8 
2,3 

2.   1,8 

1,3 

0,7 

o,s 

1.  59,7 

1660 
1665 
1670 
1675 

149.  32. 
149.  34. 
149.  36. 
149..  38. 

26,5 
25,7 
24»,4 
2S^6 

1.  59;2 

58,7 
58,2 

1.  57,7 

57»3 

56,7 
56,2 

1.  55,8 

55,3 
54^8 
54^3 

1.  53,9 

5S,4 
52,9 
52,5 

1.  52,0 

51,6 
51,1 
50,6 

1.  50,2 

49,6 
49,4 
48,9 

1.  48,5 
•  ,  *8,0 

*7,7 
47,2 

1.  46,8 

"3.  'SSjS  j 
SOj€j 
29,1 

3.     27,4 

1 

1. 
1360 

,1565 

•1370 

;1375 

147.  15. 
147.  17. 
147.  20. 
147.  22. 

3,2 
41,3 
18,5 
55,0 

1520 
1525 
1530 
1535 

148.  33. 
148.  35. 
148.  37. 
148.  39. 

7,3 
22,3 

36,7 
50,5 

1680 
16B5 
1690 
1695 

149.  4a 
149.  42. 

149.  46. 

20,3 
17,6 
14,3 
10,5 

1380 

1385 

:1S90 

1395 

i 

147.  25. 
147.  28. 
147.  30. 
147.  33. 

30,6 

5,4 

39,5 

12,7 

1540 
1545 
1550 
1555 

148.  42. 
148.  44. 
148.  46. 
148.  48. 

3,6 
16,2 
28,1 
39,4 

1700 
1705 
1710 
1715 

149.  48. 
149.  50. 
149.  51. 
149.  53. 

6,3 

1,6 

56,4 

50,7 

1400 

1405 

;  1410 

'  1415 

147.  35. 
147.  38. 
147.  40. 
147.  43. 

45,2 
16,9 
47,8 
17,9 

1560 
1565 
1570 
1575 

148.  50. 
148.  53. 
148.  55. 
148.  57. 

50,2 
0,3 
9,9: 

18,8 

1720 
1725 
1730 
1735 

149.  55. 
149.  57. 

149.  59. 

150.  1. 

44,6 
38,0 
30,9 
23,4 

1420 

1425 

•1430 

1435 

147.  45. 
147.  48. 
147.  50. 
147.  53. 

47,4 
16,0 
44,o; 
11,2 

1580 
1585 
1590 
1595 

148.  59. 

149.  1. 
149.  3. 
149.  5. 

27,3 
35,1 
42,3 
49,0 

1740 
1745 
1750 
1755 

150.  3. 
150.  5. 
1 50.  6. 
150.  8. 

15,4 

7,0 

58,1 

48,7 

1440  |l47.  55. 
1445  J  47.  58. 
1450  148.  0. 

1455  ;148.  2. 

1 

37,7 

3,4 

28,4 

52,8 

1600 
1605 
1610 
1615 

149.  7. 
149.  10. 
149.  12. 
149.  14. 

55,2 
0,7 

.5,7- 
10,2 

- 

1760 
1765 
1770 
1775 

150.  10. 
150.  12. 
150.  14. 
150.  16. 

38,9 

28,7 

18,1 

7,0 

1460  'l48.  5. 
1465  148.  7. 
1470  148.  10. 
1475  ,148.  12. 

16,4 
39,3 

1,6 
23,1 

1620 
1625 
1630 
1635 

149.  16. 
149.  18. 
149.  20. 
149.  22. 

14,2 
17,6. 
20,4 
22,7 

1780 
1785 
1790 
1795 

150.  17. 
150.  19. 
150.  21. 
150.  23. 

55,5 
43,5 
31,2 
18,4. 

1480 
1485 
1490 
1495 

148.  14. 
148.  17. 
148.  19. 
148.  21. 

44,0 

4,2 

23,8 

42,6 

1640 
1645 
1650 
1655 

149.  24. 
149.  26. 
149.  28. 
149.  30. 

24,5 
25,8 
26,5 
26,8 

1800 
1810 
18S0 
1830 

i 

150.  25. 
150.  28. 
150,  82. 
150.  35. 

.5,2 
37,5 

.8,1: 
37,2 



■ 

1 

rtH 
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THE  THIRD  TABLE  CONTINUED. 


Days. 


1840 

1850 
1860 
1870 


1880 
1890 
1900 
1910 


Anomaly. 


D. 


M*      S* 


15a  39.  4»6 
15a  42.  30,5 
150.  45.  54,8 
15a  49.   17,6 


Differ. 


M.       S. 


19S0 
1930 
1940 
1950 


150.  52.  38,8 

150.  S5.   58,6 

150.  59.  16,8 

150.  2.  33,6 


1960 
1970 
1980 
1990 


151.  5.  49,0 

151.  9.  2,9 

151.  12.  15,4 

151.  15.  26,5 


2000 
2010 
2020 
2030 


151.  18.  36,3 

151.  21.  44,7 

151.  24.  51,8 

151.  27.  57,5 


2040 
2050 
2060 
2070 


151.  31.  2,0 

151.  34.  5,1 

151.  37.  7,0 

151.  40.  7,6 


2080 
2090 
2100 
2110 


151.  43.  6,9 
151.  46.  5,1 
151.  49.  2,0 
151.  51.  57,8 


2120 
2180 
2140 
2150 


151.  54.  52,3 

151.  57.  45,7 

152.  O.  37,9 
152.  3.  28,9 


3. 


152.  6.  18,8 

152.  9.  7,7 

152.  11.  55,4 

152.  14.  42,0 


Days. 


25,8 
24,3 
22,8 


2160 
2170 
2180 
2190 


Anomaly. 


D.      M.      S. 


3.     21,2 

19,8 
18,2 
16,8 

3.      15,4 

13,9 
12,5 
11,1 

3.       9,8 

8,4 

7,1 
5,7 

3.       4,5 

3,1 
1,9 
0,6 

2.     59,3 


2200 
2210 
2220 
2230 


152.  17.  27,5 
152.  20.  11,9 
152.  22.  55,3 
152.  25.  37,7 


2240 
2250 
2260 
2270 


2280 
2290 
2300 
2310 


152.  28.  19,0 
152.  30.  59,3 
152.  33.  38,5 
152.  36.  16,8 


152.  38.  54,1 

152.  41.  30,4 

152.  44.  5,7 

152.  46.  40,1 


■ 


2320 
2330 
2340 
2350 


152.  49.  13,5 
152.  51.  46,0 
152.  54.  17,5 
152.  56.  48,1 


58,2 
56,9 
55,8 

2.  54,5 

53,4 
52,2 
51,0 

2.  49,9 

48,9 

47,7 
46,6 

2.  45,5 


2360 
2370 
2380 
2390 


152.  59.  17,8 

153.  1.  46,7 
153.  4.  14,7 
153.  6.  41,8 


2400 
2410 
2420 
2430 


1 53.  9.  8,0 

153.  11.  33,3 

153.  IS.  57,7 

153.  16.  21,3 


2440 
2450 
2460 
2470 


153.  18.  44,1 
153.  21.  6,1 
153.  23.  27,3 
153.  25.  47,6 


153.  28.  7,1 

153.  30.  25,8 

153.  32.  43,7 

153.  35.  0,9 


35,3 
34,4 

2.  33,4 

32,5 
31,5 
30,6 

2.  29,7 

28,9 
28,0 
27,1 

2.  26,2 

25,3 
24,4 
23,6 

2.  22,8 

22,0 
21,2 
20,3 

2.   1 9,5 


18,7 
17,9 
17,2 

2.  16,4 


2560 
2570 
2580 
2590 


2600 
2610 
2620 
2630 


153.  55.      1,4 

153.  57.  11,1 

153.  59.  20,2 

154.  1.  28,6 


2640 
2650 
2660 
2670 


154. 
154. 
154. 
154. 


3.  36,3 
5.  43,3 
7.  49,6 
9.  55,2 


154.  12.  0,2 

154.  14.  4,5 

154.  16.  8,2 

154.  18.  11,2 


9; 

9,1| 
8^ 

2.  V 

7, 

5,6 

8.  5fi 

4^ 
3,7 


2680 
2690 
2700 
2710 


2720 
2730 
2740 
2750 


2. 


154.  20.  13,6 
154.  22.  15,3 
154.  24.  16,4 
154.  26.  16,9 


2760 
2770 
2780 
2790 


154.  28.  16,8 
154.  30.  16,1 
154.  32.  14,7 
154.  34.  12,8 


154.  36.  10,3 
154.  38.  7,1 
154.  40.  3,4 
154.  41.  59,1 


S,4 

1.7 

1.1 
0, 


1.  59.. 

59, 
58, 
58,1 

1.  57,5 

56,8 
56,9 
55,7 

1.  55,1 
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THE  THIRD  TABLE  CONTINUED. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Days. 

Days. 

Days. 

D. 

M.      s. 

M.          S. 

D. 

M 

s. 

M.          S. 

D. 

u. 

s. 

M.        s. 

2800 

154. 

43.   54,2 

1.     54,6 
54,0 
53,4 

3150,0 

155. 

45. 

36,2 

2.        1,5 

3550,0 

156. 

45. 

24,9 

1.     43,0 

2810 

154. 

45.   48,8 

3162,5 

155. 

47. 

37,7 

3562,5 

156. 

47. 

7,9 

2820 

154. 

47.  42,8 

3175,0 

155. 

49. 

38,6 

o;3 

3575,0 

156. 

48. 

50,4 

42,1 

2830 

154. 

49.   36,2 

3187,5 

155. 

51. 

38,9 

3587,5 

156. 

50. 

32,5 

1.     52,9 

52,3 
51,8 
51,3 

1.     59,6 

58,9 
58,3 

57,7 

2840 

154. 

51.   29,1 

3200,O 

155. 

53. 

38,5 

3600,0 

156. 

52. 

14,0 

2850 

154. 

53.   21,4 

3212,5 

155. 

55. 

37,4 

3612,5 

156. 

53. 

55,1 

40,6 
40,1 

2860 

154. 

55.    13,2 

3225,0 

155. 

57. 

35,7 

3625,0 

156. 

55. 

35,7 

2870 

154. 

57.     4,5 

3237,5 

155. 

59. 

33,4 

3637,5 

156. 

57. 

15,8 

1.     50,7 
50,1 
49,7 
49,1 

I.     48,6 

1.     57,o 

56,4 
55,8 

I.     39,6 

39,2 
38,7 
38,2 

1.     37,8 

2880 

154. 

58.  55,2 

3250,0 

156. 

1. 

30,4 

3650,0 

156. 

58. 

55,4 

2890 

155. 

0.   45,3 

3262,5 

156. 

3. 

26,8 

3662,5 

157. 

0. 

34,6 

2900 

155. 

2.   35,0 

3275,0 

156. 

5. 

22,6 

3675,0 

157. 

2. 

13,3 

2910 

155. 

4.   24,1 

3287,5 

156. 

7. 

17,8 

3687,5 

157. 

3. 

51,5 

2920 

155. 

6.    12,7 

48,0 
47,6 
47,1 

3300,C 

156. 

9. 

12,4 

54,0 
53,3 
52,8 

3700,0 

157. 

5. 

29,3 

37,3 
36,9 
3«,4 

2930 

155. 

8.     0,7 

3312,5 

156. 

11. 

6,4 

3712,5 

157. 

7. 

6,6 

S940 

155. 

9.  48,3 

3325,0 

156. 

12. 

59,7 

3725,0 

157. 

8. 

43,5 

2950 

155. 

U.   35,4 

3337,5 

156. 

14. 

52,5 

3737,5 

157. 

10. 

19,9 

1.     46,6 

46,0 
45,6 
45,1 

2960 

155. 

13.   22,0 

335O,0 

156. 

16. 

44,7 

51,7 

3750,0 

157. 

11. 

55,9 

35,6 
35,1 
34,6 

29-70 

155. 

15.      8,0 

3362,5 

156. 

18. 

36,4 

3762,5 

157. 

13. 

31,5 

2980 

155. 

16.  53,6 

3375,0 

156. 

20. 

27,4 

50,5 

3775,0 

157. 

15. 

b,b 

2990 

155. 

18.   38,7 

3387,5 

156. 

22. 

17,9 

3787,5 

157. 

16. 

41,2 

1.  44,5 

2.  10,1 

9,3 

1.      34,2 
33,8 

SCOO, 

155. 

20.   23,2 

3400,0 

156. 

24. 

7,9 

49,4 
48,8 
48,2 

I.      47,7 
47,2 
46,7 

3800,0 

1.57. 

18. 

15,4 

SOI  2,5 

155. 

22.   38,3 

3412,5 

156. 

25. 

57,3 

3812,5 

157. 

19. 

49,2 

SO25,0 

155. 

24.   42,6 

3425,0 

156. 

27. 

46,1 

3825,0 

liV. 

21. 

22,6 

33,0 

1.     32,6 

j2  1 

3037,5 

155. 

25.   51,2 

2.       7,8 

7,1 
6,4 

5,7 

3437,5 

156. 

29. 

34,3 

SO50,0 

155. 

28.  59,0 

3450,0 

156. 

31. 

22,0 

3850,0 

157. 

24. 

28,2 

3062,5 

15.>, 

31.     6,1 

3462,5 

156. 

33. 

9,2 

3862,5 

0,3 

31,7 
31,3 

S075,0 

155. 

33.    12,5 

.3475,0 

156. 

34. 

S3,H 

3875,0 

157. 

27. 

32,0 

3087,5 

155. 

35.   18,2 

3487,5 

156. 

36. 

42,0 

3887,5 

157. 

29. 

3,3 

2.        5,0 

4,3 
3,6 
2,9 

2.        2,2 

1.      45,6 

45,1 
44,6 
44,0 

1.     43,6 

1.      31,0 

30,5 

30,1 

29,7 

1.     29,3 

3100,0 

155. 

37.   23,2 

350O,0 

156. 

38. 

27,6 

3900,0 

157. 

30. 

34,3 

3112,5 

1 .5.5. 

39.   27,5 

3512,5 

156. 

40. 

12,7 

3912,5 

157. 

32. 

4,8 

3125,0 

155. 

41.   31,1 

3525,0 

156. 

41. 

57,3 

3925,0 

157. 

33. 

94,9 

3137,5 

155. 

43.   34,0 

3537,5 

156. 

43. 

41,3 

3937,5 

157. 

35. 

4,b 

rr^ 
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L 
I 
I 


Days. 


Anomaly. 


D. 


M.       8. 


3950,o|l57.  36.  33,9 

3962,5;  157.  38.  2,8 

3975,0,157.  39.  31,4 

8987,5157.  40.  59,5 


4000 
4025 
4050 
4075 


157. 
157. 
157. 
157. 


42. 
45. 

48. 
51. 


4100 
4125 
4150 

41-75 


4200 
4225 
4250 
4275 


4300 
4325 
4350 

4375 


4400 
4425 
4450 

'4475 


4500 
4525 
4550 

4575 


4600 
4625 
4650 
4675 


157. 
157. 
157. 
158. 


5^. 

59. 
2. 


158.  5. 
158.  7. 
158.  10. 
158.  13. 


158.  15. 
158.  18. 
158.  21. 
158.  23. 


158.  26. 
158.  28. 
158.  31. 
158.  33. 


158.  36. 
158.  88. 
158.  41. 
158.  43. 


158.  46. 
158.  48. 
158.  50. 
158.  53. 


27,3 
21,8 

14,7 
6,2 


56,3 
44,9 
32,1 
17,91 


2,4 
45,5 
27,3 

7,8 


47,0 

24,9 

1,6 

37,1 


11,3 
44,3 
16,2 
46,9 


16,4 

44,7 
12,0 
38,1 


3,2 
27,2 
50,1 
11,9 


Differ. 


M.       S. 


1. 


1. 

2. 


28,9 
28,6 
28,1 

27,8 

54,5 
52,9 
51,5 


2.     50,1 

48,6 
47,2 

45,8 

2.     44,5 

43,1 
41,8| 
40,5 

2.     39,2 

37,9 

36,7 
35,5 

2.     34,2 

1 

33,0 
31,9 
30,7 

2.     29,5 

28,3 
27,3 
26,1 

2.     25,1 

24,0 
22,9 
21,8 

2.     20,8 


Days. 


4700 
4725 
4750 

4775 


4800 
4825 
4850 
4875 


4900 
4925 
4950 
4975 


5000 
5025 
5050 
5075 


5100 
5125 
5150 
5175 


Anomaly. 


D.  M.  s. 


158.  55. 

158.  57. 
]  59.  0. 

159.  2. 


1 59.  4. 

159.  7. 

1  m.  9. 

159.  II. 


159.  13. 
159.  15. 
159.  18. 
159.  20. 


159.  22. 
159.  24. 
159.  26. 
159.  28. 


5200 
5225 
5250 
5275 


5300 
5325 
5350 
5375 


5400 
5425 
5450 
5475 


159. 
159. 
159. 
159". 


30. 
32. 
35. 

37. 


159. 
159. 
159. 
159. 


39. 
41. 
43. 
45. 


159.  47. 
159.  49. 
159.  51. 
159.  53. 


159.  55. 

159.  56. 

159.  58. 

160.  O. 


32,7 
52,5 
11,3 
29,1 


45,9 

1,7 
16,5 
30,4 


43,4 
55,4 

Qy5 

16,7 


26,0 
34,4 
42,0 

48,7 


54,5 
59,5 
3,7 
7,01 


9,5 
11,2 
12,1 
12,2 


11,6 

10,2 

8,0 

5,0 


1,3 
56,9 
51,8 
45,9 


Differ. 


M.      S. 


2. 


19,8 
18,8 
17,8 


2.     16,« 

15,8 
14,8 
13,9 

2.      13,0j 

12,0[ 

11,1 
10,2 

2.        9,3 

8,4 
7,6 
6,7 

2.        5,8 

5,0j 
4,2 
3,3 

2.       2,5| 

1,7 
0,9 
0,1 


1 .     59,4 

58,6 
57,8 
57,0 

I 

1.     56,3 

55,6 
54,9 
54,1 


1.     53,4 


Days. 


5500 
5525 
5550 
5575 


5600 
5625 
5650 
5675 


5700 
5725 
5750 

5775 


5800 
5825 
5850 
5875 


5900 
5925 
5950 
5975 


6000 
6025 
6050 
6075 


6J00 
6125 
6150 
6175 


6200 
6225 
6250 
6275 


Anomaly. 


D.      M.      s. 


I 


60. 
60. 
60. 
60. 


2. 
4. 

6. 

8. 


60.  10. 
60.  II. 
60.  13. 
60.  15. 


60.  17. 

60.  19. 

60.  20. 

60.  22. 


60.  24. 
60.  26. 
60.  27. 
60.  29. 


60.  31. 

60.  33. 

60.  34. 

60.  36. 


60.  38. 
60.  39. 
60.  41. 
60.  43. 


60.  44. 
60.  46. 
60.  48. 
60.  49. 


60.  51. 

60.  52. 

60.  54. 

60.  55. 


39^ 
S2»0 
24,0 
15,3 


6,0 
56,0 
45,3 
33,9 


21,9 

9,3 

56,0 

42,0 


27,5 
12^ 
56y5 
40,I 


23,1 

5^ 

47,3 

28,6 


9,2 
49,3 
28,8 

7.8 


Differ. 


46,2 

24,0 

1,3 
38,1 


14,3 
5O,0 
25,2 
59,8 


1. 


1. 


1 


I. 


I. 


I.     38,4 

S7,fl 

ST 

36,8 

I.     36,1 


(  ^is    ) 


mf^^mm 
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THE  THIRD  TABLE  CONTINUED. 


Days. 


Anomaly. 


D.       M.      s. 


6300 
6325 
6350 
6375 


160.  57. 

160.  59. 

161.  O. 
161.  2. 


34,0 

7,6 

40,7 

13^3 


Differ. 


M.      S. 


1. 


6400 
6425 
€450 
€475 


161. 
161. 
161. 
161. 


3. 
5. 
6. 

8. 


6500 
6525 
€550 
€575 


6600 
6625 
6650 
6675 


6700 
6725 
6750 
6775 


161. 
161. 
161. 
161. 


9. 
11. 
12. 
14. 


161. 
161. 
161. 
161. 


15. 

17. 
18. 
20. 


161.  21. 
161.  23. 
161.  24. 
161.  25. 


6800 
6825 
6850 
6875 


6900 
6925 
6950 
6975 


161.  27. 
161.  28. 
161.  30. 
161.  31. 


7000 
7050 
7100 
7150 


161.  32. 
161.  $4. 
161.*"  35. 
161.  36. 


161.  38. 

161.  41. 

161.  43. 

161.  4r>. 


45,5 

17,1 
48,3 
18,9 


49,1 
18,8 
48,1 
16,9 


45,2 

13,1 

40,5 

7,5 


34,0 
0,1 

25,7 
50,9 


15,7 

40,1 

4,0 

27,6 


50,7 
13,4 

3.J,7 
fe7,G 


19,0 

0,8 

44,1 

19,8 


33,6 
33,1 
32,6 


1.*  32,2 

31,6 
31,2 
30,6 

1 .   30,2 

29,7 
29,3 
28,8 

1.  28,3 

27,9 
27,4 
27,0 

1.  26,5 

26,1 
25,6 
25,2 

1.   24,8 

24,4 
83,9 
23,6 


Days. 


7200 
7250 
7300 
7350 


7400 
7450 
7500 
7550 


7600 
7650 
7700 
7750 


7800 
7850 
7900 
7950 


8000 
8050 
8100 
8150 


1.  23,1 

22,7 
22,3 
21,9 


1.  21,4 

2.  41,8 
40,3 
38,7 

2.  37,1 


8200 
8250 
8300 
8350 


**'fe400 

,8450 

8500 

8550 


Anomaly. 


D. 


M.      S. 


Differ. 


M. 


S. 


161.  48. 
161.  51. 
161.  54. 
161.  56. 


56,9 

32,6 

6,9 

39,7 


161.  .59. 
162.'    1. 

162.  4. 
162..,   6. 


11,1 

41,i 

9,g 

37,1 


1 62.  9. 

162.  11. 

162.  13. 

162.  16. 


3,0 
27,7 
51,; 
13,2 


162.  18.    34,1 

162.  20.    53.7 

162.  23.    J  2,2 

162.  25.  •29,4 


162.  27. 
162.  30. 
162.  32. 
162.  34. 


45,5 

0,4 

14,2 

26,9 


2. 


35,7 
34,3 
32,8 


2.     31,4 


30,0y 

28,7 

'  31 
■I 


27,31 


2. 


2. 


■ "  24,7. 
•.•2»,4| 
'•22,ll 

"26,9^ 


Days. 


Anomaly. 


Differ. 


D. 


M.        S. 


M.      S. 


8800 
8850 
8900 
8950 


9000 

«050 

9100 

.9150 


163. 
163. 
163.. 
163. 


1.  .36,6| 
3.  35,2: 
5.  32,8, 
7.  29,6 


1. 


1 

58,6 
57,6 
56,8 


163.  9.  ,  25,4 
163.  11.  20,4 
163.,  13.  14,5 
16{}.  15.   7,8 


Ih  9250 
9300 
9350 


163.  17. 
163.  18. 
163.  .20. 
1Q3.  22. 


0,3 
51,9 
42,7 
32,7 


1.  55  ^A 

55,0 
54,1 
53,3 


1.  52 


::3 


19,6 
18,5 
17,2 

2.   16,1 


6400 
9450 
9500 
9550 


163.  24. 
1 GS:  26. 

163.  27. 
163..  29. 


21,8 
10,2 
57,9 

44,7 


-8^600 

^86.50 

87PO  ! 

8150  I 


162.  36. 
162.  38. 
162.  40. 
162.  43. 


38,5 
49,0 

58,4 

6,7 


14,9, 

13,8 

.12,7. 

2.   11,6 


9600 
9650 
9700 
9750 


'l63.  31.    30,8 

163.  33.    16,^2 

163.  35.      0,8 

163.  36.,  *4,'6 


162.  45. 
162.  47. 
162.  49. 
162.  51. 


14,Q 
20,3 
25,6 
29,8 


162.  53.  33,1 
16^.  55.  35,4 
l(^.'57.  'S6,8 
16$.  S9.'57,5 

_; lJ 


.  10,5 
79,4 

.       >•    8,3 

i 
^.       7,3. 


'  9800 
9850 
9900 
9950 


163.  38.  27,8 
163.  40.  **l0,2 
1G:3.*41."S2,6 
163. '43.    33,0 


'■       .  6,3 

:  5,3 

'  ♦,2 

2.  ^,3 


^,3 
il-,4, 
0,4 


lOOOO 

1,9100 
JCWJ50 


16200 
|tlQ250 

loisoo 

10350 


1.     59,4 


I 


m^^ 


VOL.  I. 


3j> 


I 


163.  45. 
16b. -46. 
1 63.  48. 
163.  50. 


13,4 

53,0 

32,6 
10,4 


163.  51. 
163.  53. 
163.  55. 
163.  56. 


48,1 
^5,1 

1,5 
37,2 


5 

50,Si 

50,0 

1.  49,1; 

48,4 

46,8 
1.     46,l' 

45,4 
44,^ 

43,8 
1.     43,2 

42,4 
41,8 
41,C 

1.     40,4 

"«9,6 
;  ^9,0 

l._    dY,7 

'87,0 
36,4 
35,7 

1.     35,2 


(     474     ) 
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THE  THIRD  TABLE  CONTINUED. 

f 

AniAiialy. 

Differ. 

Anomaly. 

Differ. 

1 

Anomaly. 

JDiflfer. 

Days. 

Davs. 

,  Days. 

, 

D. 

M. 

s. 

M.    S. 

D. 

M. 

s. 

M.    S. 

D. 

M. 

s. 

H.    S. 

10400 

163. 

58. 

12,4 

1 .  34,5 
38,9 
33,3 

12000 

164. 

44. 

3,8 

2.  35,3 
SS  6 

i 15200 

165. 

54. 

53,4 

1.  saj 

5Ul 

10450 

163. 

59. 

46,9 

12100 

164. 

46. 

39,1 

15300 

165. 

56. 

46,3 

10500 

164. 

1. 

20,8 

12200 

164. 

49. 

12,7 

31,9 

15400 

165. 

58. 

38,2 

5lA 

1055O 

164. 

2. 

54,1 

12300 

164. 

51. 

44,6 

15500 

166. 

0. 

29,2 

1.  32,7 

32,1 
31,5 
31,0 

2.  30,2 

28,6 
26,9 
25,4 

1   49jl 

10600 

164. 

4. 

26,8 

12400 

164. 

54. 

14,8 

15600 

166. 

2. 

1J>,1 

49/1 
48,1 
41^ 

10650 
10700 

164. 
164. 

5. 

7. 

58,9 
30,4 

12500 
12600 

164. 
164. 

56. 
59. 

43,4 
10,3 

15700 
15800 

166. 
166. 

4. 
5. 

8,1 
56,2 

10750 

164. 

9. 

1,4 

12700 

165. 

1. 

35,7 

15900 

166. 

7. 

43,4 

1 .   30,3 

29,9 
29,3 

28,7 

2.  23,9 

22,3 
20,9, 
19,4 

1 

4SM 
4Sfi 

10800 

164. 

10. 

31,7 

12800 

165. 

3. 

59,6 

16000 

166. 

9. 

29,6 

10850 

164. 

12. 

1,5 

12900 

165. 

6. 

21,9 

16100 

166. 

11. 

15,0 

10900 

164. 

13. 

30,8 

13000 

165. 

8. 

42,8 

16200 

166. 

12. 

59,5 

10950 

164. 

14. 

59,5 

13100 

165. 

11. 

2,2 

16300 

166. 

14. 

43,1 

1.  28,1 

27,6 

27,1 
26,5 

2.   1 8,0 

16,5; 
15,2' 
13,8 

1.  48,7 

41,9 
41,1 
40,S 

11000 
11050 

164. 
164. 

16. 

17. 

27,6 
55,2 

13200 
13300 

165. 
165. 

13. 
15. 

20,2 
36,7 

16400 
16500 

166. 
166. 

16. 
18. 

25,8 
7,7 

11100 

164. 

19. 

22,3 

13400 

165. 

17. 

51,9 

16600 

166. 

19. 

48,8 

11150 

164. 

20. 

48,8 

13500 

165. 

20. 

5,7 

16700 

166. 

21. 

29,0 

1 .  26,0 

25,5 
25,0 
24,4 

2    12  1 

1.  99,5 

38,6 
37,9 

37,1 

11200 

164. 

22. 

14,8 

13600 

165. 

22. 

18,2 

11,2 
9,8i 
8,6! 

< 

16800 

166. 

23. 

8,5 

11250 

164. 

23. 

40,3 

13700 

165. 

24. 

29,4 

16900 

166. 

24. 

47,1 

11300 

164. 

25. 

5,S 

13800 

165. 

26. 

39,2 

17000 

166. 

26. 

25,0 

11350 

164. 

26. 

29,7 

13900 

165. 

28. 

47,8 

17100 

166. 

28. 

2,1 

1 .   24,0 

2.   7,4! 

• 

• 

1.  36,9 

11400 

164. 

27. 

53,7 

23,5 
22,9; 

22,5; 

1 

14000 

165. 

30. 

55,2 

6,1 
5,0 
3,7 

17200 

166. 

29. 

38,4 

34^1 

11450 
11500 
11550 

164. 
164. 
164. 

29. 
SO. 
32. 

17,2 

40,1 

2,6 

14100 
14200 
14300 

1  C^5. 

165. 

SJj. 
37. 

1,3 

6,3 

10,0 

17S0O 
17400 
17500 

166. 
166. 
166. 

31. 
32. 
34. 

14,0 
48,8 
22,9 

1    52  O' 

2.   2,6 

1,4 

0,3 

1.   59,2 

1.  33,4 

32,7 
31,9 
31,3 

11600 

164. 

33. 

24,6 

1 .   ^  ^y^ 

21,5 
21,1 

20,6* 

1 

14400 

165. 

39. 

12,6 

1760O 

166. 

35. 

56,3 

11650 

164. 

34. 

46,1 

14500 

165. 

41. 

14,0 

17700 

166. 

37. 

29,0 

11700 

164. 

36. 

7,2 

14600 

I  isr^. 

43. 

14,3 

17800 

166. 

39. 

0,9 

11750 

164. 

37. 

27,8 

14700 

165. 

45. 

13,5 

17900 

166. 

40. 

32,2 

I    20  1 

1    ?8  11 

1 

1.  30,6 

29,8 
S9,S 
28,6 

1       ^%fm  It 

11800 

164. 

38. 

47,9 

19,6 
19,2! 
18,8 

1.   18,3 

14800 

165. 

47. 

11,6 

s.  •           CO,  1  ' 

57,0; 

56,0 

54,9 

1.  53,9' 

18000  166. 

42. 

2,8 

11850 

164. 

40. 

7,5 

14900 

165. 

49. 

8,6 

18100  166. 

43. 

32,6 

11900 
11950 

164. 
164. 

41. 
42. 

26,7 

45,5,' 

I 

150a) 
15100 

165. 
165. 

51. 
52. 

4,6 
59,5 

18200 
18300 

166. 
166. 

45. 
46. 

1,8 
30,4 

1  •  27,91 

C     *75     ) 
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THE  THIRD  TABLE  CONTINUED. 

Anomaly. 

DifFcr. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Days. 

Days. 

D. 

M, 

s. 

M.    S. 

D. 

M. 

s. 

M.    S. 

D. 

M. 

s. 

M.   S. 

66. 
66. 
66. 

47. 
49. 
50. 

58,3 
25,6 
52,2 

1.  27,3 
26,6 
26,0 

21600 
21700 
21800 

167. 
167. 
167. 

29. 
31. 
32. 

51,1 

1,4 

11,3 

1.   10,3 
9,9 
9,4 

25600 
25800 
26000 

168. 
168. 
168. 

11. 

13. 
15. 

44,7 
36,4 
26,9 

1.  51,7 
50,5 
49,3 

66. 

52. 

18,2 

21900 

167. 

33. 

20,7 

26200 

168. 

17. 

16,2 

1 .  25,4 

24,7 
24,2 
23,5 

1.   9,0 

8,6 
8,2 

7,8 

1.  48,2 

47,1 
46,0 
45,0 

66. 

53. 

43,6 

22000 

167. 

34. 

29,7 

26400 

168. 

19. 

4,4 

66. 

55. 

8,3 

22100 

167. 

35. 

38,3 

26600 

168. 

20. 

51,5 

66. 

56. 

32,5 

22200 

167. 

36. 

46,5 

26800 

168. 

22. 

37,5 

66. 

57. 

56,0 

22300 

167. 

37. 

54,3 

27000 

168. 

24. 

22,5 

1.  23,0 

22,4 
21,8 
21,3 

1.   7,4 

6,9 
6,6 
6,2 

1.  43,9 

42,9 
41,9 
40,9 

66. 

59. 

19,0 

22400 

167. 

39. 

1,7 

27200 

.168. 

26. 

6,4 

67. 

0. 

41,4 

22500 

167. 

40. 

8,6 

27400 

168. 

27. 

49,3 

67. 
67. 

2. 
3. 

3,2 
24,5 

22600 
22700 

167. 
167. 

41. 
42. 

15,2 
21,4 

27600 
27800 

168. 
168. 

69. 
31. 

31,2 
12,1 

1.   20,7 

1.   5,7 

1.  40,0 

67. 

4. 

45,2 

20,1 
19,6 
19,0 

1.   18,5 

18,0 
17,5 
17,0 

22800 

167. 

43. 

27,1 

5,4 
5,0 
4,6 

1.   4,3 

3,9 
3,5 
3,1 

28000 

168. 

32. 

52,1 

39A 

00   ^^ 

67. 

6. 

5y3 

22900 

167. 

44. 

32,5 

28200 

168. 

34. 

31,1 

67. 

7. 

24,9 

23000 

167. 

45. 

37,5 

28400 

168. 

36. 

9,1 

38,0 
37,1 

1.  36,2 

35,3 
34,4 
33,5 

67. 

8. 

43,9 

23100 

167. 

46. 

42,1 

28600 

168. 

37. 

46,2 

67. 

10. 

2,4 

23200 

167. 

47. 

46,4 

28800 

168. 

39. 

22,4 

67. 

11. 

20,4 

23300 

167. 

48. 

50,3 

29000 

168. 

40. 

57,7 

57. 

12. 

37,9 

23400 

167. 

49. 

53,8 

29200 

168.. 

42. 

82,1 

57. 

13. 

54,9 

23500 

167. 

50. 

56,9 

29400 

168. 

44. 

5,6 

1.   16,4 

1.   2,8 

1.   32,7 

37. 

15. 

11,3 

16,0 
15,5 
14,9 

1.   14,5 

-  14,0 
13,5 
13,0 

1.   12,6 

23600 

167. 

51. 

59,7 

2,4 

2,1 
1,7 

1.  ,  1,3 

2.  1,8 
0,4 

1.  59,0 

1.  57,8 

29600 

168. 

45. 

38,3 

31,9 
31,1 
30,2 

1.  29,4 

28,6 
'27,8 
27,1 

1 .  26,4 

37. 

16. 

27,3 

23700 

167. 

53. 

2,1 

29800 

168. 

47. 

10,2 

37. 
37. 

17. 
18. 

42,8 
57,7 

23800 
23900 

167. 
167. 

54. 
55. 

4,2 
5,9 

30000 

30200 

1 

168. 
168. 

48. 
50. 

41,3 
11,5 

37. 
37. 

20. 
21. 

12,2 
26,2 

24000 
24200 

167. 
167. 

56. 

58. 

7,2 
9,0 

30400 
30600 

168. 
168. 

51. 
53. 

40,9 
9,5 

37. 

22. 

39,7 

24400 

168. 

0. 

9,4 

30800 

168. 

54. 

37,3 

37. 

23. 

52,7 

24600 

168. 

2. 

8,4 

31000 

168. 

56 

4,4 

37. 

25. 

5^3 

24800 

168. 

4. 

6,2 

^  ^^    ^ 

31200 

168. 

57. 

30,8 

■' 

37. 

26. 

17,4 

12,1 

4  ■^      k« 

25000 

168. 

6. 

2,7 

56,5 

31400 

168. 

58. 

7 

56,4 

25,6 

37. 

57. 

27. 
28. 

29,1 
40,3 

11,7 
11,2 

1.   10,8 

25200 
25400 

168. 
168. 

7. 
9. 

57,9 
51,9 

55,2 
54-fi 

1.  52,8 

31600 
31800 

169. 
169. 

0. 
1. 

21,3 
45.4 

24,9 
24,1 

1.   23,5 
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THE  THIRD  TABT-E  CONTINUED. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Days, 

Days. 

Days. 

1 

D.    M.   s. 

M.   S. 

D.   M.   S. 

M.   S. 

D.   M. 

s. 

M.   8. 

32000 

1 69.  3.  8,9 

1.  22,7 
22,1 
21,3 

384<X) 

169.  42.  18,2 

1.   4,8 
4,3 
3,9 

46000 

170.  18. 

44,5 

1.    8yl 

S2200 

169.  4.  31,6 

38600 

169.  43.  23,0 

46250 

170.  19. 

48,0 

32400 

169.-  5.  53,7 

38800 

169.  44.  27,3 

46500 

170.  20. 

5I,0 

9p 

4  A 

32600 

169.  7.  15,0 

39000  169.  45.  31,2 

46750 

170.  2T. 

53,6 

V* 

1 .  20,7 

20,1 
19,4 
18,7 

1 

1.   3,5 

3,1 
2,6 
2,2 

1     Oi 

32800 

169.  8.  35,7 

39200 

169.  46.  34,7 

47000 

170.  22. 

55,8 

i 

33000 
83200 

169.  9.  55,8 
169.  11.  15,2 

39400  169.  47.  37,8 
39600,169.  48.  40,4 

47250 
47500 

170.  28. 
170.  24. 

57,5 
58,8 

33400 

169.  12.  33,9 

398001 

169.  49.  42,6 

47750 

170.  25. 

59,7 

1 

1     1  R  O  '         1 

1.   1,7 

16,6 
16,0 
15,4 

1.   14,8 

'  a 

33600 
83800 

169.  13.  52,1 
169.  15.  9,6 

1.    i  o,Z 

17,5 
16,9 
16,2 

1.   15,7 

4O000 
40250 

169.  50.  44,3 
169.  52.  0,9 

48000 
48500 

170.  27. 
170.  28. 

o,i 

59,7 

34000 

169.  16.  26,5 

40500 

169.  53.    16,9 

49000 

170.  30. 

57,7 

^3 

34200 

199.  17.  42,7 

40750 

169.  54.  32,3 

49500 

170.  32. 

54,1 

^ 

. 

1  w   ^^ir^ 

34400 

169.  18.  58,4 

15,1 
14,5 
14,0 

41000 

169.  55.  47,1 

14,1 
13,6 
12,9 

50000 

170.  34. 

48,9 

J&9 

346G0 
34800 

169.  20.  13,5 
169.  21.  28,0 

41250 
41500 

169.  57.   1,2 
169.  58.  14,8 

50500 
51000 

1 70.  36. 
170.  38. 

42,2 
34,0 

^ 

35000  169.  22.  42,0 

41750 

169.  59.  27,7 

51500 

170.  40. 

24,3 

«w 

, 

1.   13,4 

1.   12,4 

I.  4l6A 

■ 

35200 

169.  23.  55,4 

12,8 
12,3 
11,7 

42000 

170.  0.  40,1 

11,8 
11,2 
10,7 

52000 

170.  42. 

13,2 

*1A 

35400 

169.  25.  8,2 

42250 

170.   1.  51,9 

52500 

170.  44. 

0,8 

35600 

169.  26.  20,5 

42500  170.   3.  3,1 

53000 

170.  45. 

46,9 

35800 

169.  27.  32,2 

42750  170,   4.  13,8 

53500 

170.  47. 

31,7 

**rt 

■ 

1.   11,1 

10,7 
10,1 

9,7 

1.   10,1 

9,6 
9,0 
8,5 

S«,7 

.36000 
36200 

169.  28.  43,3 
169.  29.  54,0 

43000 
43250 

170.  5.  23,9 
170.  6.  33,5 

54000 
54500 

170.  49. 
170.  50. 

15,2 
57,4 

36400 
36600 

169.  31.  4,1 
169.  32.  13,8 

43500 
•  43750 

170.  7.  42,5 
il70.  8.  51,0 

55000 
55500 

170.  52. 
170.  54. 

38,4 
18,1 

1.   9,1 

8,6 
8,1 
7,6 

! 

1.   7,9 

7,4 
6,9 
6,5 

37^ 

S6800 

169.  33.  22,9 

44000 

170.  9.  58,9 

56000 

170.  55. 

56,7 

37000 

169.  34.  31,5 

44^250  j  170.  11.   6,3 

56500 

170.  57. 

34,1 

37200 
37400 

169.  35.  39,6 
169.  36.  47,2 

44500 
44750 

170.  12.  13,2 
170.  13.  19,7 

57000 
57500 

170.  59. 

171.  0. 

10,3 

45,4 

S^I 

1     T  1 !' 

1.   5,9 

4,9 
4,5 

1    S4X 

37600 

169.  37.  54,3 

1.       /,  J 

6,7 
5,7 

45(K)0 

170  14.  25,6 

58000 

171.  2. 

19,4 

38,9 
9lA 

37800 

169.  39.   1,0 

45250 

170.  15.  31,1 

58500 

171.  3. 

52,3 

S8000 

169.  40.  7,2 

\   45500 

170.  16.  36,0 

59000 

171.  5. 

24,2 

38200 

169.  41.  12,9 

!  45750 

170.  17.  40,5 

59500 

171.  6. 

55,0 

30A 

1 

[  1.    5,3 

1 

1 

-  1.   4,0 

I.  &A 

- 

1 
1 

A  .     mi*fj^l 
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THE  THIRD  TAME  CONTINUED. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

a 

Days. 

Days. 

9* 

D 

.      M. 

S. 

M.       S. 

D.      M. 

s. 

M.      S. 

D. 

M.      8. 

M.       S. 

■ 

O 
O 

o 

171 
171 
171 

.      ». 

.     9. 
.   11. 

24,8 

53y6 

21,4 

1.     28,8 
27,8 
26,9 

76000 
76500 
77000 

171.  48. 
171.  50. 
171.  51. 

58^5 
3,3 

7,5 

1.       4,8 
4,2 
3,6 

92000172. 
92500  1 72. 
93000172. 

1 

19.  27,5 

20.  17,7 
21'.     7,5 

1 

0,  ,.50,2 
49,8 
49,4' 

» 

o 

171 

.   12. 

48,3 

77500 

171.  52. 

11,1 

93500172. 

21.  56,9 

1        2^  Q 

1         S  1 

O.     49ir 

• 

4poy7 ' 

4&yS 

48^; 

0 
0 

171 
171 

.    14. 
.   15. 

14,2 
39,2 

25,0 
24,1 
23,2 

78000 
78500 

171.  53. 
171.  54. 

14,2 
16,7 

X  •                      \Jy  1 

2,5 

2,1 
1,5 

94000  1 72. 
94500  1 72. 

22.  46,0 

23.  34,7 

0 

171 

.  17. 

3,3 

79000 

171.  S5. 

1»,8 

95000  172. 

24.  23,2 

0 

171 

.   18. 

26,5 

79500 

171.  S%. 

20,3 

95500  1 72. 

25.   11,2 

1        22  ^ 

1.        1,0 

0,4 

0,0 

0.     59,5 

0;     47,7 

47^ 
47^ 

46y8 

0 

171 

.  19. 

48,8 

.1  •           m£*^Kj 

21,5 
20,6 
19,8 

80000 

171.  57. 

21,3 

96000172. 

25.  58,9 

0 

171 

.  21. 

10,3 

80500 

171.  58. 

21,7 

96500172. 

2&.  46,3 

0 

171 

.  22. 

80,9 

81000 

171.  59. 

21,7 

97000  1 72. 

27.  33,4 

0 

171 

.  23. 

50,7 

81500 

172.'  0. 

21,2 

97500172. 

28.  20,2 

1.      19  O 

O-      59  O 

a.     46,4 

46yi. 

45>8 

45y5 

0 
0 
0 
0 

171 
171 
171 
171 

.  2& 
.  26. 
.  27. 
.  29. 

9,7 
27,9 

45,3 
1,9 

18,2 
17,4 
16,6 

82000 
82500 
83000 
83500 

172.     1. 
172.     2. 
172.     3^ 
172.     4. 

20,2 

18,7 

16^7 
14,3 

58,5 
58,0 
57,6 

98000 
98500 
99000 
99500 

172. 
172. 
172. 
172. 

29;     6,6 
29;  52,7 
Sa  36,5 
31.  24,0 

1.      15,9 

0.     57,1 

0.     45,2 

0 
0 
0 
0 

171 
171 
171 
171 

.  SO. 
.  31. 
.  32. 
.  34. 

17,8 

32,9 

47,3 

1,0 

15,1 
14,4 
13,7 

1.      13,0 

84000 
84500 
85000 
85500 

1 72.     5. 

1 72.     6. 
1 72.     7. 
172.     8. 

11,4 
8,1 
4,3 
0,1 

56,7 
56,2 
55,8 

0.     55,3 

100000 
lOlOOO 
102000 
103000 

172. 
172. 
172. 
172. 

32.  9,2 

33.  38,7 

35.  7,8 

36.  34,1 

1.     29,5 
29»1 
26^ 

1.     26,0 

0 
0 
0 
0 

171 
171 
171 

171 

.  35. 
.  36. 
.  37. 
.  38. 

14,0 
26,3 
37.9 
48,8 

12,3 
11,6 
10,9 

1.      10,3 

86000 
86500 
87000 
87500 

1 72.     8. 
1 72.     9. 
172.    10. 
172.    11. 

55,4 
50,3 

38,9 

54,9 
54,5 

54,1 

0.     53,6 

104000 
105000 
106000 
107000 

172. 
172. 
172. 
172. 

38.  0,1 

39.  25,1 

40.  48,9- 
42.   11,7 

25,0 

22,8 
1.     21,8 

0 
0 

171 
171 

.  39. 

.  41. 

59,1 
8,7 

9,6 
8,9 
8,3 

88000 
88500 

172.   12. 
172.   \3. 

32,5 
25,7 

53,2 
52  9 

108000 
109000 

172. 
172. 

43.  33,5 

20,7 
19,S 
18.8 

* 

0 
0 

171 
171 

.  42. 
;  43. 

17,6 
25,9 

89000 
89500 

172.   14. 
172.   15. 

18,6 
11,0 

52,4 

110000 
111000 

172. 
172. 

46.  14,6 

47.  32,8 

1.       7,8 

0.      52,1 

— 

1.     17,8. 

o 
o 

0 
0 

171 

171 
171 
171 

A,  A, 

.  45. 
.  46. 

.  47. 

33,7 
40,8 
47,3 
53,2 

7,1 
6,5 

5,9 
1.        5,3 

90000 
90500 
91000 
91500 

172.   16. 
172.   16. 
172.   17. 
172.   18. 

3,1 

54,7 
46,0 
36,9 

51,6 
51,3 
50,9 

0.     50,6 

1 

112000 
113000 
114000 
115000 

172. 
172. 
172. 
172. 

48.  50,6 

50.  7,6 

51.  23,6 

52.  38,7 

17,0 
16,0 
15,1 

1.      14,3 

■I."*" 


2. 
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THE  THIRD  TABLE  CONTINUED. 

• 

1 

^ 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Anomaly. 

Differ. 

Days. 

Days. 

Days. 

D. 

M. 

s. 

M.   S. 

D. 

M. 

s. 

M.   S. 

D. 

M. 

s. 

IVf .   s. 

116000 

172. 

53. 

53,0 

1.   13,4 
12,6 
11,8 

144000 

173. 

23. 

39,0 

0.  55,1 
54,5 
54,0 

172000 

173. 

46. 

33,5 

1 

O.  43,5 
43,1 
42,8 

117000 

172. 

55. 

6,4 

145000 

173. 

24. 

34,1 

173000 

173. 

47. 

17,0 

118000 

172. 

56. 

19,0 

146000 

173. 

25. 

28,6 

174000 

173. 

48. 

0,1 

119000 

172. 

57. 

30,8 

147000 

173. 

26. 

22,6 

175000 

173. 

48. 

42,9 

1.   10,9 

0.   53,6 

0.  42,4 

m 

'-^•:ii:i 

172. 

58. 

41,7 
51,9 

148000 

173. 

27. 

16,2 

176000 

173. 

49. 

25.3 

121000 

172. 

59. 

10,2 
9,4 
8,6 

149000 

173. 

28. 

9,3 

53,1 
52,5 
52,2 

177000 

173. 

50. 

7,3 

42,0 

41,7 
41,3 

122000 

173. 

1. 

1,3 

15000O 

173. 

29. 

1,8 

178000 

173. 

50. 

49,0 

123000 

173. 

2. 

9,9 

151000 

173. 

29. 

54,0 

179000 

173. 

51. 

30,3 

1.   7,9 

0.  51,8 

0.  41,0 

124000 

173. 

3. 

17,8 

7,3 
6,4 
5,8 

1.   5,1 

4,3 
3,8 

152000 

173. 

30. 

45,8 

51,0 
50,8 
50,3 

0.  49,9 

49,5 
49,0 

180000 

173. 

52. 

11,3 

40,7 
40,4 
40,1 

O.  39,8 

39,6 
39,S 

125000 

173. 

4. 

25,1 

153000 

173. 

31. 

36,8 

181000 

173. 

52. 

52,0 

126000 

173. 

5. 

31,5 

154000 

173. 

32. 

27,6 

182000 

173. 

53. 

32,4 

127000 

173. 

6. 

37,3 

155000 

173. 

33. 

17,9 

183000 

173. 

54. 

12,5 

128000 

173. 

7. 

42,4 

156000 

173. 

34. 

7,8 

184000 

173. 

54. 

52,3 

129000 

173. 

8. 

46,7 

157000 

173. 

34. 

57,3 

185000 

173. 

55. 

31,9 

ic 

-11  •  •  • 

173. 

9, 

50,5 

158000 

173. 

35. 

46,3 
34,9 

««y  ,vy^ 

186000 

173. 

56. 

11  2 

131000 

173. 

10. 

53,6 

3,1 
1.   2,4 

159000 

173. 

36. 

48,6 
0.  48,3 

187000 

173. 

56. 

50,3 

39,1 
O.  38,9 

132000 

173. 

11. 

56,0 

1,9 

1,1 
0,5 

1.   0,1 

160000 

173. 

37. 

23,2 

47,9 
47,6 
47,2 

0.  46,7 

188000 

173. 

51. 

29,2 

38,5 
38,8 
38,1 

0.  37,8 

133000 

173. 

12. 

57,9 

161000 

173. 

38. 

11,1 

189000 

173. 

58. 

7,7 

134000 

173. 

13. 

59,0 

162000 

173. 

38. 

58,7 

190000 

173. 

58. 

46,q 

135000 

173. 

14. 

59,5 

163000 

173. 

39. 

45,9 

191000 

173. 

59. 

24,1 

136000 

173. 

15. 

59,6 

0.  59,4 
58,8 
58,2 

0.  57,7 

164000 

173. 

40. 

32,6 

• 

46,4 
46,0 
45,6 

0.   45,3 

192000 

174. 

0. 

1,9 

37,5 
37,2 
37,0 

0.  36,7 

137000 

173 

16. 

59,0 

165000 

173. 

41. 

19,0 

193000 

174. 

0. 

39,4 

138000 
139000 

173. 
173. 

17. 
18. 

57,8 
56,) 

166000 
167000 

173. 
173. 

42. 
42. 

5,0 
50,6 

194000 
195000 

174. 
174. 

1. 
1. 

16,6 
53,6 

140000 

173. 

19. 

53,7 

57,1 
56,6 
56,1 

0.  55,5 

168000 

173. 

43. 

35,9 

44,9 
44,6 
44,2 

0.   43,9 

196000 

174. 

2. 

30,3 

36,5 
36,3 
36,0 

0.  35,7 

141000 

1.73. 

20. 

50,S 

169000 

173. 

44. 

20,8 

197000 

174. 

3. 

6,8 

142000 
143000 

173. 
173. 

21. 
22. 

47,4 
43,5 

170000 
171000 

173. 
173. 

45. 

45. 

5,4 
49,6 

198000 
199000 

174. 
174. 

3. 
4. 

43,1 
19,1 

i 

200000 

174. 

4. 

54,8 

* 

' 
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CONTAINING    THE 


ABSCISSAS  AND  CORRESPONDING  ORDINATES  of  a  parabola  ; 

USEFUL    FOR    CONSTRUCTING    THAT    CURVE. 


Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

Abscissae. 

Ordinates. 

0,125 

0,70710 

18 

8,4853 

48 

13,8564 

0,25 

1,00000 

19 

8,7178 

49 

14,0000 

0,50 

1,41421 

20 

8,9444 

50 

14,1422 

0,75 

1 ,73205 

21 

9,1651 

52 

14,4222 

1,00 
1,5 

2,00000 

22 

9,3808 

56 

14,9666 

2,44950 

23 

9,5916 

60 

15,4920 

2,0 

2,82843 

24 

9,7979 

64 

16,0000 

2,5 

3,16225 

25 

10,0000 

68 

1 6,4924 

3,0 

3,46410 

26 

10,1980 

72 

16,9706 

3,5 

3,74165 

27 

10,3923 

76 

1 7,4356 

4,0 

4,00000 

28 

10,5830 

80 

17,8888 

4,5 

4,24265 

29 

10,7703 

81 

18,0000 

5,0 

4,47210 

30 

10,9545 

84 

18,3302 

5,5 

4,69040 

31 

11,1355 

88 

18,7616 

6,0 

4,89900 

32 

11,3138 

92 

19,1832 

6,5 

5,09900 

33 

11,4891 

96 

19,5958 

7,0 

5,29150 

34 

11,6619 

1(X) 

20,0000 

7,5 

5,47725 

35 

11,8322 

104 

20,3960 

8,0 

5,65690 

36 

12,0000 

108 

20,7846 

8,5 

5,83095 

37 

12,1655 

112 

21,1660 

9,0 

6,00000 

38 

12,3288 

116 

21,5406 

9,5 

6,16400 

39 

12,4900 

120 

21,9090 

10,0 

6,3245 

40 

1 2,6490 

121 

22,0000 

11 

6,6332 

41 

12,8062 

124 

22,2710 

12 

6,9282 

42 

12,9615 

* 

128 

22,6276 

13 

7,2111 

43 

13,1149 

132 

22,9782 

14 

7,4833 

44 

1 3,2664 

136 

23,3238 

15 

7,7460 

45 

13,4164 
13,5647 

140 

23,6644 

16 

8,0000 

46 

144 

24,0000 

17 

8,2462 

47 

18,7113 

•  •  • 
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EXPLANATION  AND  USE  OF  THE  TABLES. 

Table  I,  is  for  the  reduction  of  hours,  minutes  and  seconds  of  time,  into  de- 
cimal parts  of  a  day. 

Rule.  Find,  in  the  column  of  time,  the  hours,  minutes  and  seconds  given, 
and  opposite  to  each  is  the  corresponding  decimal^  the  sum  of  which  is  the  de« 
cimal  fraction  required. 


Ex.  Required  the  decimal  of  a  day  of  1  ^h.  2Y.  ^^. 

17  hours 0,708335 

27  minutes         -  -  -         -         0,018750 

44  seconds        ....        0,000509 


Sum.  Decimal  of  17/*.  27'.  44'         -         0,727592 


Table  II,  is  for  the  reduction  of  decimal  parts  of  a  day,  into  hours,  minutes 
and  seconds. 

Rule.  Enter  tlie  Table  with  the  first  figure  to  the  lefl  hand  of  the  givende- 
cimal,  and  take  out  its  value  in  hours,  &c.  Repeat  the  same  operation  with 
the  second,  third,  and  tlie  rest  of  the  figures;  and  the  sum  of  the  times,  so  taken 
from  the  Table,  is  the  value  of  the  decimal  required. 


Ex.  Required  the  value  in  time  of  0,727592  of  a  day. 

H.      M.      6. 

0,7 16-  48.     O 

0,02 O.  28.  48 

0,007 0.  10.     4,8 

0,0005          -          .          .            -           -          -  O.  O.  43,2 

0,00009 O.  0.     7,776 

0,000002          .         -         -          .         .        .  O.  O.     0,173 


Sum.     Value  of  0,727592         -         -        -        17.27.43,949 
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I  I 

Table  III,  of  the  motion  of  comets  in  a  parabolic  orbit,  was  first  published 
by  Dr,  Halley,  and  since  augmented  by  M.  de  la  Caille,  M.  dc  la  Lands 
and  ScHULZE  of  Berlin.  M.  Pingre'  recomputed  and  extended  the  whole, 
so  as  to  make  it  much  more  complete  than  any  before  published.  And 
lately,  M.  de  Lambre,  whose  abilities  as  a  Calculator  are  well  known,  has 
recomputed  the  whole  Table  to  decimals  of  seconds,  and  still  fartlier  enlarge 

ed  it. 

The  perihelion  distance  of  any  comet,  and  the  time  of  its  passage  through 
the  periheUon  being  given,  to  find  its  true  anomaly,  or  angular  distance  from 
the  perihelion,  for  any  given  time  before  or  after  the  perihelion. 

Rule.  To  the  logarithm  of  the  perihelion  distance  of  the  comet,  add  its 
half;  subtract  tlie  sum  from  the  logarithm  of  the  time  elapsed  (expressed  in 
days)  between  the  given  time  and  the  arrival  of  the  comet  at  its  perihelion, 
and  the  remainder  will  be  the  logarithm  of  a  number  of  days ;  find  this 
number  in  the  Table  of  the  parabola,  and  opposite  to  it  is  the  anomaly  sdu^t. 
If  the  given  number  be  not  in  tlie  Table,  a  simple  proportion  will  give  the 
anomaly. 

If  the  characteristic  of  the  logarithm  of  the  perihelion  distance  be  9,  8,  or  7i 
iti  taking  its  half,  it  must  be  supposed  19, 18,  or  17. 

Ex.  The  logarithm  of  the  perihelion  distance  of  the  comet  in  1769  wad 
9,0886320,  according  to  Euler.  What  was  its  anomaly  at  50  days  before  or 
after  its  periheUon  ? 

Log.  of  perihelion  distance  •  i*        9,0886820 

Its  half        .         .         p.         -         .         -      ^         9,5443160 


Their  sum         -         •         -         -         •  -         8,6329480 

Log.  of  50  days         -         -  .         -         .  1,6985700 


Remainder        •        «        •        •        «         •         3,0656220 


Which  is  the  logarithm  of  1164,185  days.  Seeking  this-  number  in  the 
Table  of  the  parabola,  it  is  not  found  there  ;  but  for  1160  days  the  anomaly 
is  145^  16'.  49",  and  for  1165  days  the  anomaly  is  145^  20'.  7";  hence  tha 
difference  for  5  days  is  3'.  18";  therefore,  as  5  days  :  4,185  days::  3'.  18"  ;, 
2'.  46",  which  must  be  added  to  145°.  16'.  49",  the  anomaly  for  1 160  days,  and 
the  sum  145°.  19'.  35"  is  the  true  anomaly  for  1164,185  days  in  the  Table,  or 
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for  50  actual  days  before  or  afler  the  passage  of  the  comet  through  the  peri^ 
helion. 

If  the  true  anomaly  of  a  comet,  for  any  instant,  be  given,  and  the  time  elapsed 
between  that  and  the  passage  through  tlie  perihelion  be  required,  it  may  be 
found  from  the  same  Table. 

Rule.  Seek  in  the  Table  tbe  given  anomaly,  and  find  the  time  corresponding 
to  it,  taking,  if  necessary,  proportional  parts.  To  the  logarithm  of  the  perihelion 
distance,  add  its  half^  and  the  logarithm  of  the  days  found  in  the  Table  ;  their 
sum  is  the  logarithm  of  the  time  elapsed  between  the  xiomet's  passing  the  peri- 
helion, a)}fl  its  arrival  at  the  given  anomaly. 

( £;!f ^  rGj\%Qix^'t)^  anomaly  of  Dr.  Halley's  comet  of  1759,  64^  36*.  37*;  to 
fiq/d  ,t^;^ig)€t  ij;[.1b9Qkvto  describe  that  angle  from  the  perihelion;  the  lo- 
gari^n^i^^f  ^Mj^F^iholioJKi  distance  being  9,766033,  according  to  M.  de  la 

The  given  anomaly  is  not  in  the  Table  ;  the  two  nearest  ^re  64^  29'.  47*, 
and  64°.  40'.  28".  The  first  answers  to  58,75  days,  and  the  other  to  59,0  days. 
The  difference  iOflbe  given  anomaly  from  the  first  of  these  two  tabular  ones  is 
6\.  50"ypr  410' .;  the  difference  of  the  tabular  anomalies  is  10'.  41%  or  601'',and 
the  difference  of  tioies  is  O^M  days  ;  hence,  641  :  410::  0,25  :  0,15991,  which 
must. therefore  be  added-  to  the  tabular  time  58,75  days,  answering  to  tlie 
anomflJy- €4^  29V  47%  said  tlie  sum  58,90991  days^  will  be  the  tabular  time 
answering  to  the  given  anomaly.    Now  the 


«  •■* 


Logarithm  of  58,90991         -  -  -         1,7701883 

L^garithraof  perihelion  distance      '.         .        9,7660330 
Half  logaritlim  of  perihelion  distance  -        9,88SOlfi5 


Sum        ^        •        .        .         ^         -        .         1,4192378 


Whose  number  is  26,25656,  the  number  of  dlays  that  the  comet  will  employ 
in  describing  the  angle  of  64''.  36\  37'  on  either  side  of  the  perihelion. 

This  general  Table  will  be  sufficient  in  all  cases  to  determine  the  true  ano- 
maly  from  the  time  given  ;  l)ut  it  will  not  be  equally  accurate  for  finding  the 
time  from  the  anomaly;  for  at  considerable  distances  from  the  perihelion,  errors 
will  arise.  The  following  little  Table  shows  how  far  the  Table  may  be  used 
^viithout  iiicurring  an  error -greater  than  30  seconds,  of  6me« 


I 

i 


sxPKANATioir  JOiy  vat  W  TBB  TABLBI. 


4eft 


■)(   ■■ 


Perihdion                    -    ^ 
distance. 

'■    '                  Anomalif 

D. 

0,95 
0,S0 
0,80 
1,00 

<    ,i  '             130- 
•    '    111    •             lid 

lOO 
90 

r-» 


U    -  '■-  i«. 


♦     f 


'  *J- 


■,;i.^    ...:/i  .,.it,.=  2,pa;   v.;^  ...  '     ■  5(y^-^     ^  • 

Beyond  these  anomalies,  comets  of:  the  respective  perifaelicili  idiabiMcc^^ttnr 
seldom  visible,  and  for  comets  of  a  less  perihelion  distance,  the  limits  extend 
proportionally  .further.  Indeed^*  except  when  extreme' a«feid^ty^ii^^^ufred^ 
this  Table  may  ]i>&  used  far  beyond  the  limits  here  prescribed V  ^^^tf  ^tiJe  tit- 
most  precision  be  necessary^  Uie  ftAlowing.  Rule^  ^U  g^vid' tKie'  tMie^fr^'fihbui^ 
error,  in  all  cases»  The  demonstration  will  be  found  in  Pingre',  Vol.  ii» 
page  339.     ^  ,  .•-..'■;'■-■:'    '('■'-''■    -  '^'y^"^.  '*  - 

Rule.  To  the  log^  tangent  (^  half  the  gttea  anomaly^  add'itho  >c<m8tant  lo^ 
garithm  1,9149328  ;  and  to  triple  the  logr:  tangent  of  hdlf^^ die;  a^fibhialy,  add 
the  const^tlogarithm  l,437SU6}  find  the  numbers  ta  ^icsei  IdgtiM&ms, iinld 
add  them  together.  To  the  JLogstrithm  oC  .the  win,  add'i:/bf  the  logarithm  of 
the  perihelion  dist9,QCf  of  the  comet,  opd  the  sum  will  be  th^  Idgarithnj  of  the 
days  from  the  perihelion.  ,    - 


Ex.  Required  the  time  from  the  perihelion,  «|UfW«tfiflg  ^  l^^r  38'.  28^  of 
anomaly  for  tl&e  comet  of  1769  ;  its  pephelion  4i^Unc(^,bQiog  9,Q88632(H 


1  f\ 


■v 


I \    ..M  *'.M I    '  f.>   iTI i'  1. 1  •■  ^;'- V   • '     ■  ■ 


■   ^l^ 


;.  * :.     .  •; 


•  1 


I     ) 


.  \  • ' 


J 


.- ..'  ' 


.'  i'- 


»     "l    v>i  :- 


1!    . 


i 


10    dl    :l'>   I'J  '       *   '  '    ■     ;     i        <^-»  .  A.'ii"    fTi. 
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Tang.  ^  anomaly 
Constant 

Sum        ^        *        - 

Triple  tang.  ^  anomaly 
Constant 

Smn      -        ^       •        . 

Log.  of  sum  of  numbers 
Perihelion  distance  i     - 


Logarithms. 

0,4965560 

1,9149328 


Number* 


2,4114888     -     -     257,92225 


1,4896680 
1,4378116 


2,9274796     -     -     846,21275 


3,0430222 
8,6322480 


Log.  of  days  from  the  perihelion       i  ,6759702 


•   1104,13500 


Hence,  the  time  from  the  perihelion  is  47,421  days. 


In  the  following  Table,  the  numbers,  denoted  by  the^^wr^^  in  the  first  co- 
lumn, show  the  same  comets  with  those  of  the  same  numbers  marked  with  the 
numerals.  Thus,  49  which  stands  against  the  year  1456,  denotes  the  same  comet 
as  that  against  which  XLIX  stands. 


(     «5     ) 


i 

■Kn  OF  EIGHTY-SIX  comp:ts, 

1 

V-" 

RVED  AND  CALCULATED  TO 

I81I. 

m^ 

^■^ 

1  ludinatioD 

Place 

Perihelion 

AulhorB 

of 

of  the 

tli«l:tncc. 

V^^^K 

,  the  Orbit, 

Perihelion. 

ikitultlie 

Motion, 

ealcubtid 

,Sun 
bfin^  1. 

the 
-    Orbit.. 

t  "■ "  ' 

r 

M. 

s- 

S.      D.      .M.      S 

K  S6.  :i3.  0 

10. 

or  12' 

9,  19.    .3.    0 

0,58 

Retrograde 

Pjyoiia'. 

■ft  13.  30.    0 

6 

5. 

0 

4.  14   18.    0 

0,9178 

Dirtct. 

P.^o«E■. 

■ik  19.    0.    0 

86. 

30. 

0 

9.  21.    0.    0  0,445 

Direct. 

DUNTIIOHS. 

^Tm  53.  is.    0 

30. 

25. 

0 

9,    5. +.1.    0]0,+IO.S1 

Direct.          Pjkork'. 

^PP.  17.    8.    0 

68. 

57. 

0 

0.    3.20.    0  (>,ril79 

R  i-trograde.  Pi  s  cniK'. 

^A  1.5.  (about 

70 

about) 

9,  or  10"       \OA:u 

Rct-ogradcPiscnK". 

^Nm.  ^i.  0 

32. 

11, 

0 

1.    7.59.    0  0.-t0()66 

Retrograde.  Hallev. 

^^    6.  32.    0 

32, 

11. 

0 

0.  20.  a  0  0,6  t+s 

IPlMillE'. 

1.  18.  30.    0 

17. 

56. 

0 

10.    1.    0,    0,0,5,S.55 

Rclrogrnde,  PiNOnE. 

I*  11.  46.  20 

20. 

0 

1.15.  33.  30;o,5l-27:i 

Retrograde  Hali.kv. 

1.  ia'i.5.  0 

17! 

56. 

0 

10.     1,39,    0  O,5f;700 

Ri-trogradc.  H.vlllv. 

''2.2a  a?.  0 

32. 

36. 

0 

3.21.    7,    o'«,,t')9IO 

DilVCt.            JH.W.LEV. 

t.  .5.  44.  0 

3,5. 

49. 

0 

4.  27.  16.    0  0,20L'S 

Retrograde  Uol-ivi:». 

S.  25.  42.    0 

.'t2. 

6. 

30 

9.    B.  50.    0  ;0.46;i!K) 

Diject.        IHall. 

«i 

0.  25.  52.    0,7+. 

33. 

45 

+.    9.22,    0;o,l.S.S42 

Retrograde  :H.\i.i,ey. 

4Q 

0.  19.    7.  .1710+. 

51. 

50 

3.  19,  ll,.J5!tl,59.r33 

Direct.            II'INQHE'. 

7.    5.  or  21 159, 

or  CI 

8.  5,  or  9,   11  '(l,'-';Jor(M?4 

U 

1.  7. 42.  ao 

6. 

+. 

0 

0     8,  51.    0  ]1,0!):(:^S 

Direct          il-lALr-KV. 

46 

5.  IS.  30.  40 

29. 

40. 

40 

7.  6,54.  3o]o,5:(;(;i 

Rttrogrado  Hali.ev. 

iO 

S.  14.  IS.    0 

87. 

58. 

0 

5.  2Q.  19.    0 

O.O.S9i  1 

Dinct.         iDelaC.ilLLE 

W 

la  15.  36,  50 

52. 

9. 

4.5 

7.  28.  SO.  50 

0,,i49H5 

Retro^'radv;PiNU[iE'. 

io 

1.  20.  21.    0 

17. 

2, 

0 

10.    2.  16.    0 

a5,S680 

Retrograde.lHALi.EV. 

40 

9.  23.  25.    0 

21. 

28. 

0 

lO.  18.  20.    0 

0,51298 

Direct. 

Pl.\OHE. 

40 

2.  16.    1.    0 

37. 

.'J4. 

0 

0.    2.  14.    0 

0,:i:975 

DiTCt. 

Hallkv. 

40 

2.  28,  10.    0 

79. 

28. 

0 

0.  28.  18.  m 

0,8+750 

Direct. 

H  ALLEY. 

40 

2:  22.  30.  30 

32. 

.S5. 

so 

3.  25.  58.  40 

(VH851 

Direct, 

H.ILLKT. 

40 

2.  21    1+.    0 

21. 

18. 

30 

i.  10. +1.25 

1,0257.5,1 

Ri-trosnide 

Hallky. 

40 

7.  18.    2.    Oi76. 

0 

2.  11.  51..  30 

aiixny 

Rutrogradc.'H.\j.i.|.y. 

40 

9.  27.  30.  30 

,S3. 

22! 

10 

1.  16.  ,59.  30 

0,69739 

DilTCt.         [Hallfv. 

40 

7.  26.  +9.  10 

79. 

3. 

4.  IT.  ;)7.    5.(l,2Ml,i9 

Keti-ograde  ^Halj.kv. 

40 

S.  11.40.    0 

3. 

4. 

20 

10.  27.  46.    0 

I,2;1S01 

Di-ect. 

DoL-rtt-. 

2 

9.    1.  57.  13 

61. 

22. 

55 

8.  22.  4a  10 

0,(Ht(i030 

Direct, 

P.SOUB-. 

40 

1.  21.  16.30 

17. 

5(i 

0 

la    2.  52. +5 

ll.5S.32S 

Retrograde 

Hallev. 

W 

S.  23.  23.    0 

83. 

11. 

d 

2,  25.  29.  30 

O.,56020 

RetTOgrade 

Hallkv. 

40 

8.28,  1,1.    0 

Go. 

+8. 

+0 

7.  2S.  52.    0 

l),!J6015 

Direct. 

Halley. 

40 

11,20.34.40 

31. 

21. 

40 

2, 17.  a  30 

0,32500 

Direct, 

H  alley. 

40 

!0.  23.  4.^..  20 

69. 

17. 

0 

8.  23.  44.  +5 

ao 16889 

Retrograde 

Pisghk'. 

40 

8,  27.  44.  IS 

11. 

46. 

0 

9.    a  51.  IS  0,69129 

lCetro|rradL' 

Hallky. 

40 

10.  21,  +5.  35 

69. 

20. 

0 

7.    2,31.    6  0,7543j 

Rctiogradc 

De  la  Caille, 

40 

6.    9  25.  ]S 

+. 

3;i. 

0 

4.18.41.    3,0.61.^90 

Direct. 

De  la  Caillb. 

40 

a  13.  11.23 

55. 

14. 

5 

2.  12.  36.  25  0.426865 

Direct. 

Strdvck. 

2T 

1.  22,  ao.  2f) 

88. 

37. 

40 

2.  19.58.    y,0,8.j»0-|. 

Direct. 

STIiUVCK, 

16 

4.    7.  SS.  20 

31. 

12. 

S:' 

4.     1.2a  .36  jl, 0.',)fi5 

Retrograde,  DoL  WES.            | 

4o 

0.  14.  16     0 

+9. 

59. 

f 

1.12,  . '52.20  0.99865 

Retiograde. 

Rkadlct. 

40 

10,  10.  32.  n7 

79. 

58. 

A 

ia22.  4a    0j4,26It0 

Diact. 

De  la  Caille. 

S 

10, 10.  :i.-,.  15 

77- 

1. 

Sf- 

10  22.  16.  .53|!',IK9« 

nra-Ris. 

40 

7.  Ul  'i-l.    0 

18. 

2a 

45 

ia25.  S.^.    0,0.-«2(^2 

Direct, 

Bhaiiley. 

40 

6,  27,  2.J.  14 

5S. 

42. 

+1 

.3.  12.  .^8. +0  0,(i73.:8 

Rttro^nde 

Dc  la  CAirr.a. 

40 

c.  5.  :n.  29 

m. 

59. 

M 

7.    7.3.5.  13 

0.765fiH 

Ritrograde. 

De  la  Caillk. 

10 

6.    5.  .1*.  +5 

67. 

4. 

ir 

7.    7.  .33.  14 

0.765555 

Retrogriide, 

SrnuY(K 

40 

2.    8:  21.  15 

2. 

19. 

ar 

3.    2.  41.  +5 

a«3,5(»i 

Direct. 

DehCAJLLE. 

37 

2.    8.  10,  48 

2. 

1.5. 

50 

3.    2,  58.    4 

W.SHI  15 

STRiivrK. 

40 

0.    .5.  10  25 

45. 

48. 

20 

8.    6.  31.  52 

0.-521,^7 

Retrograde, 

0 

1.  15.  +5.  20 

17. 

8. 

;if- 

6.  17.  12.  ,55 

0.22206 

Uirccf. 

Bliss, 

(   4a6   ) 
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WHICH  HAVE  BEEN  ODSEAvtD  AND  CALCCTLATED  TO  181 L 


Order 
of  the 
Comets. 


XLIV. 
XLV. 
XLVI. 
XLVII. 
XLVIII. 
XLIX. 


LI. 
LII. 


LIII. 
LIV. 
LV. 
LVI. 
LVII. 

LVIII. 

LIX. 
LX. 

LXI. 

LXII. 
LXIII. 
LXIV. 

LXV. 

LXVI. 
LXVII. 
LXVIII. 

LXIX. 

LXX. 

LXXI. 

Lxxir. 

LXXIII. 
LXXIV. 


1746 
1748 
1748 
1757 
1758 
1759 


Passage  through  the 

peFihellDDy  mean  time  at 

Greenwich-. 


DAYS. 


II.     M.     8. 


3  Mar.  1747,  7.  10.  40  4.  27.  18.  50 


28  April 
18  June      - 
21  October  - 

1 1  June 

12  March  .- 
12  March  - 


19.  35.  25 

1.23.40 

9.  46.  41) 

3.  17.  40 

13.31.40 

13.  50.    4 

1 2.  48.  16 


Longitude  of ' 

the  Ascending 

Node. 


8.      D.     M.     8. 


7.  22.  52.  16 
K  4.39.43 
7.  4.  4.  0 
7.  20.  5a  0 
1.23.49.  0 
1.  23,  45.  35 

1.  23,  49.  21 
4.  19.  39.  41 

2.  19.  5a  45 
H.  19.  20,    0 

6.  51.  29ill.l9.    2.22 
0.  18.  28I1K  18.  55.  31 


Inclination 

of 
the  Orbit. 


8. 


1781 
1783 
1784 
1784 
1785 
1785 
[1786 

1787 

LXXV.    {1788 
1788 


12  March  - 
1760,27  Nov.  1759,  0.    2  37 
176016Dec.l759,21.    3.40 
176228  May      -     15.17.40 

28Mjiy 

29  May 

1763  1  November  19.  43.  18lll-.  26.  23.  26 
176*  12  February  '  13.  42.  16|  4.  0.  4.  33 
1766-17  February  a  40.  401  8.  4.  10.  50 
1766^22  AprU  -  20.  46.  20  2.  14.  22.  50 
17691  7  October      12.20.40  5.25.    0.43 

7  October      13.  36  53 
1770^14  August  -     0.    4.    4 

13  August  -  12.  55.  40!  4  12.  0.  0 
22  Nov.  1770,  5.  38.  40l  3.  18.  42.  10 
18  AprU  .  22.  5.  7|  0.  27.  51.  0 
IB  February    20.  41.  15   8.  12.  43.    .5 

5  September  11.    9.  25   4.    1.  15  37 

15  August  .   10.  46.  15,  6.    0.  49.  48 

4  January   -    2.    2.  40  0.  25.    5.  5l 

4  January  -    2.  15.  10  0.  25.    3.  57 

178(JJS0  September  18.    3.30  4.    4.    9,19 

17811  7  July  -     -     4.  32.    0   2.  23.    0.  38 


5.  25.    6.  33 
4.  12^  17.    3 


1771 
1771 
1772 
1773 
1774 
1779 


29  November  12.  32.  26   2.  17.  22.  52 
15  November     5.  44.    3    1.  24.  13.  50 

4.47.  40'i   1.26  49.  21 

21.    7.  26   2.  26.  52.    9 

7  48,  41   8.  24.  12.  15 

8.  58.  52;  2.    4.  33.  36 


21' January  • 
9  Apiil     - 

27  January  - 
8  Apni     - 


LXXVI. 

LXXVII. 

LXXVIII 

LXXIX. 

LXXX. 

LXXXI. 

LXXXII.Ann^eT 
LXXXin.Anncefr 


7  July  -    -  21.  5a  52  6.  14.  22.  40 
10  May  -     - 
10  November 

20  November     9.    4.  1^5 1 1-  21.  42.  15 

5.  22.    0.    0 


19.  48.  40,  3.  16.  51.  36 
7.  23.  40  5.    7.  10.  38 


1790  17  .January 

1790|28  Janu.qry  -     7.  S(y.  13   8.  27.    8.  37 

1790jMay  21  at    5.  56,  \5  ParJ   1.    3.  11     2 


179^ 
1795 


LXXXIV. 

LXXXV. 

ILXXXVI. 


1804 
1807 


Jan.  13      13.  44  1.3  Par.,  6.  10.  46.  15 
Dec   15     15.39.    0  Par.  11.  13.  23.    0 


Nivosell  13.    8. 18  Par. 


8.    9.  30.  44 


Nivose  4    21.  40.  1 0  Par .  1 0  26.  49.  1 1 


Feb   13     14.    6.  16Bre 
Sep.  18     20.55.  32  Par 


1811  Sep   12       9.48.    OGr. 


7a 

85. 
56. 
12. 
68. 
17. 
17. 
17. 
79. 

4. 
84. 
85. 
85. 
72. 
52. 
40. 
11. 
40. 
40. 

1. 

1. 
31, 
11. 
18. 
61. 
83. 
32. 
32. 
53. 
81. 

27. 
5%. 
51. 
47. 
70. 
ft7. 
50. 
48. 
12. 

m. 

29. 
56, 
63. 

39. 
20. 
42. 

77. 
56. 


5  26.  47.  58 
8.  26.  33.    4  63. 
4.  20.  13.    0  72. 


6. 
26. 
59. 
48. 
19. 
39. 
40. 
35; 

6; 
51. 
45i 

3. 
22. 
40. 
53. 

5a 

8. 
37. 
48. 
34. 
33. 
2^ 
15. 
59. 
25. 

0. 
24. 
25. 
48. 
43. 
13. 

a 

9. 

55. 
14. 
31. 

15. 
28. 
52. 
31. 
58. 
52. 
.  46 

3. 
23. 

1. 
28. 
11. 
12. 


20 
57 
3 
0 
0 
0 
14 


Place 

of  the 
Perihelion. 


mA^.*^ 


S.     D.     M.      S. 


9.    7.    2.    02,19851 


7.    5.    0.  50 
9.    6.    9.  24 


4.    2.49. 

8.27.  38. 
10.  3.  16. 
la    3.    a 

20|ia  5. 16. 

38 


32 
0 


Perihelion 

disunce. 

that  of    the 

.   Sun    '*^ 

being  J. 


0,8406Z 
0,65525 


00,3380 

00,21535 

00,58349 

10k)38490 

0,58360 


Motk 


MOtt^; 

i  ^  I  *  ■' 


Retrogitulc; 


Authors 

who  hsfe 

calculated 

tlie 

Orfaiu. 


DelaGAiiLi. 
Maraij>i. 


L2S.  34.  1910,80139 
4.  18.24.  350^599 
3.  15.  15.     0 


2  3.  14.  29.  46 


21 
40 
31 
20 
4 
33 
49 
30 
40 
55 
20 
40 
21 


3.  15.  22.  23 
2.24.51.  54 


0.  15.  14.  5'2  0,55522 


4.  23.  15.  25 
8.  2.  17.  53 
4.  24.    5.  54 


4.24.11.     70,12272 


11.  26.  26.  13 


1,0124 
1,009856 
1,01415 
0,49876 


Retrona^fe.  .^ 

ir^ct.        StauYCK. 

Direct.' f         PkVGRB'. 

Direcu         Pivgrb'. 
Retrpgrsfe.  De  la  Cailu. 

De  U  Laku. 

Maraux. 
Direct.         Pingrc'. 
RecrogmdeLDe 


0,.50533 
0,33274 
0,12376 


Direct. 


a676893 


11.26.  16.  260,674381 
6.28.22.  4410,52824 
3.  13.  28.  13 
3.  18.    e.  22 
2.  15.  35.  43 


25  10.  1,7.  22.     4 

0  2.  27.  13.  n 

30 


0,90576 

1,01815 

1,1 33» 

1,4286 

0,71312 


5 
26 

8 

9 
12 

8 

12 
54 
28 
51 
20 
32 

0 
13 
27 
55| 

ol 

25 
3s 
40 
18 
0 


2.  27.  13.  40|0,7132 

8.  6,21.  180^09925 
7.29.  11.  250,775861 

0.  16.    3.^280,96101 

1.  15  24.  46 

2.  20.  44.  24 
10  28.  54    57 

3.  19.51.  56 

9.  27.  29.  33 
5:1^9.  2M' 360,41010  ' 

0.  .7.44.  19CL34891 
3.  9.  8.  27|1,06301 
a  23.  12;  220,766911 

1,  28.   .0.     00,75 
3:  21.  44.  37*1,063286 


1,5653 

0,70786 

0,650531: 

1,143398 

0,427300 


9.    3.  45.  27 


9,9019814 


\i 


1.    6.  29.>2 
.5.    7.37.'  0 

1.  ^.  29:  48 
6.  10  2(X  12 
4.  28.  44.  ^lll,0fll7 
9.    1.    6.^  fe3 ,0,648769 

2.  14.  12        1,02241 


a^ 116064 
0,258 
0,77968 
A62580 


Direct. 

Retrograde 

Retrognde. 

Direct. 

Direct. 

Direct. 
Direct. 
Reuo^fnidl^ 
.Direct. 
Direct. 
Direct: 
Direct... 
Dirttct." 

Retrogrs|de 

Direct. 

Ritrog^de 

Retrograde. 
R^n^rade 
Direct.. 
Retj'pgjacle. 

Rettrcgprade. 
^  Retrogvade. 

■]  bifef. 

Retrograde. 
Direct. 
Retrograde, 
fletrograde 

]     :.-   . 


De  la  LAno. 

Steutck. 

Maraux. 

FlNGRK. 
PlNGRl'. 
PlHGUf.     ' 
PIKGPIS!-  • 

la  Laxihl 
PsoiPBiaif. 


Retfograde. 
Direct. 
•Direct 
Retrogrrade. 


PiMGiUB'. 
PiKQEB. 

De  ta  Laxm, 

f^INOIlE'. 

Mccbaix., 

Mbchain.  . 
Chev.  d' Amos. 

MaCBAIK.  . 

Mbchaut. 

MabHAiir. 

Mechain. 

Mbchaik. 

CheT.  d'AnGOS. 

Mecuain. 

Mechaik. 

Mechain. 

P.deSAROv. 

MccHAcr. 

Mechaiv. 

DcS  r  -  -• 

Mechaih. 

Mgcraik. 

Mechain. 

POUVARD. 
BtTRCHARTH. 
MCCHAIN.  ., 
rBoUVARD. 

M.  Pl.  SisisA 

BuBCKUAim. 


CHAR  xxvii;. 

ON  THE  FIXED  STARS. 

Art  693.  All  llie  heavenly  bodies  beyond  our  system  are  called  Fiacd 
StarSy  because  they  do  not  appear  to  have  any  proper  motion  of  tlieir  own,  ex* 
cept  some  few,  which  will  be  mentioned  hereafter.  From  thieir  immense  dis- 
tance, as  appears  by  Article  524,  they  must  be  bodies  of  very  great  magnitude, 
otherwise  they  could  not  be  visible ;  and  when  we  consider  the  weakness  df 
reflected  light,  there  can  be  no  doubt  but  that  they  shine  with  their  own  light. 
They  are  easily  known  from  the  planets,  by  their  twinkling*  The  number  of 
stars  visible  at  once  to  the  naked  eye  is  about  1000 ;  but  Dr.  Herschel,  by  his 
improvements  of  the  reflecting  telescope,  has  discovered  that  the  whole  number 
is  great,  beyond  all  conception.  In  that  bright  tract  of  the  heavens  called  the 
Milky  Wajfy  which,  when  examined  by  good  telescopes,  appears  to  be  an  im- 
mense collection  of  stars  which  gives  that  whitish  appearance  to  the  naked  eye, 
he  has,  in  a  quarter  of  an  hour,  -seen  1 1-6000  stars  pass  through  the  field  of  view 
of  a  telescope  of  only  15'  aperture.  Every  improvement  of  his  telescopes  has 
discovered  stars  not  seen  before,  so  that  there  appears  to  be  no  bounds  to  their 
number,  or  to  tlie  extent  of  the  universe.  These  stars,  which  can  be  of  no  use 
to  us,  are  probably  suns  to  other  systems  of  planets. 

699.  From  an  attentive  examination  of  the  stars  with  good  telescopes,  many 
which  appear  only  single  to  the  naked  eye,  are  finind  to  consist  of  two,  thr^e, 
or  more  stars.  Dr.  Maskelyne  had  observed  «  HerculiSy  to  be  a  double  star ; 
.  Dr.  HonNSBY  had  found  w  Bootls  to  be  double  ;  M.  Cassini,  Mr.  Mayer,  Mr. 
PiGOTT,  and  many  other  Aistronomers  have  made  discoveries  of  tlie  like  kind. 
But  Dr.  Herschel,  by  his  improved  telescopes,  has  found  about  700,  of  which, 
not  above  42  had  been  observed  before.  We  shall  her^  give  an  account  of  a 
few  of  the  most  renuirkable, 

ji  J/i^ruff^,  Flam.  64,  a  l}eautifiili>  double  star;  ihe  tw*o  stars  very  unequal, 
the  largest  is  rfed,  and  the  ^nidyest  blue,  inclining  to  gi;fcen. 

i  Lyrm^  Flam.  12,  double^  lasryiune^ial,  the  largest  jed,  and  smallest  dusky^ 
not  easilj  to  be  seen  with  a  ?i4(!agnifying  power  of  227. .' 

a  Geminorumy  Flam. '66,  doublie,  a  little  unequal^  both  white  ;  with  a  power 
of  146,  their  distance  tfppearsefqiial  to  the  diameter  of  the  smallest 

s  l.yrm\  Flam.  4  and  5,  a  double^iouble  star.;  at  first  sight  it  appears  double 
at  a  con^derable  distance,  and  by  ft  little  attention  each  will  appear  double  ; 
.ene  set  are  equal,  and  both  white ;  theother  unequal,  the  largest  wbite,^nd.tbe 


4SI  Oy  TflE^  FIXED  STARS. 

'i 

sEii!!r--:  Ir-  :",r.el  to  reJ.    The  intervial  of  the  stars,  of  the  unequat  set,  fe  ofte 


^iizLzZiz  C-:  :h-  Urge?:,  with  a  power  of  227. 

•  -'•;•.  -vfr.  Flam.  57,  iflmibtei  very  unequal,  the  largest  reddish  white,  tlie 
c— ^'es:  s  3->e  br>ht  skr-Wue,  ihclining  to  green.     A  very* beautiful  object 

5  l^^^  tJ-i^^,  FLA5i-*l,'fl6iiMei  very  unequal,  the  laf^fest  white^  the  snaall- 

*  /ynr.  Flam.  10,  quadruple,  unequal,  white,  but  thr^e^ttf  tfctem  a;  itttle  fb- 

cir:>eJ  t*>  red.  ^'". 

a  Lir\jiusj  Flam.  S2,  double,  very  unequal,  largest  whiter  smallesft'kusfcy.  '- 

f  BooHs^  Flam.  S6,  double,  very  unecjttal,  larg^est  reddish^  iftiilleSi  bliie,  or 
ladxer  a  ikint  lilac ;  very  beautiful.  -  ■ 

h  DrsconiSj  Flam.  39,  a  very  small  double  star,  very  unequal,  the  laigest 
whke,  smallest  incUnir^  to  red. 

X  Onankr^  Flam.  S9,  quadruple,  or  rather  a  double  star,  and  has  two  more  at 
a  snmll  distance,  "die  double^star  considerably  unequal,  the  largest  ^ite,  smallest 
pair  rose  colour. '     '   ^  ^ 

i  Llhnty  FLA^r.  iilthnh^  douMe-double,  one  set  very  unequal,  the  largest  a  very 


I  I  I 


M  fV?r»w»  Ttkity-  iSy  double,  considerably  unequal,  the  largest  white,  the 
Miwneji'bhirfsh:'^  '     ■'■' 

^7/rtTii//*,^PL^^>r-  86,  douhle,  very  unequal,  tlie  small  star  is  not  visible  with 
a  potfcr  of  27d;  mit*  fs  ^eeh  very  well  with  one  of  460 ;  the  largest  is  inclined 
to  a  pale.red,'SttiaBest  duskish. 

m  Capricori^j  Flam.  5',' double,  very  unequal,  the  largest  white,  smallest  dusky. 

¥  i.^yrir.  Flam.,  8,  tfi^ble,  very  unequal,  the  largest  white,  smallest  both  dqsky. 

m  /^vr«*>  Flam.  3,  double,  very  unequal,  the  largest  a  fine  brilliant  white,  the 
smalk^  dusky ;  it  appears  with  a  power  of  227*  Dr.  Hebschel  measured  the 
diameter  of  this  fine  star,  and  found  it  to  be  0'',d553. 


'.    <       .  %      V  . 


Tiia  Thdse^  are  a  few  of  the  principal  double,  treble,  &c.  stars  mentioned  by 
"Or.  Hkhsciiel  in  his  catalogues  which  he  hds  given  us  in  the  PhiL  Trms. 
ITSSand  1785.  Tlie  examination  of 'double  stars  with  a  telescope  is  a  very 
i^XivHent  and  ready  metliod  of  provilig  its  poWers.  Br.'  H^shschel  recommends 
ihcfoUowing  method.  '*Tlie  telesco^fe  arid  tliiWi^erver  having  be^n  some' time 
m  tho  open  air,  adjust  (H^  focus  6f  the  teldsfa'opie  ttt  sdriife  singlte'-sttlr*6f  neariy 
the  samo  maffnitudc,  altltiille  and  colour  of  th*i;-]jtaf''to  t)e  esottainedyattife^ 
all  iho  phaMiomcna  of  the  adjusting  star  as  it  ptlssfed' through  thfe  field  txTView— 


wh«>n  these  appeniiai^  %ri^ -Hhvai  you  will'  detect  thti  im- 
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perfections  of  tlie  instrument,  and  therefore  will  not  be  deceived  wlicn  you 
come  to  examine  the  double  star. 

701  •  If  J  BCD  be  the  earth's  orbit,  and  its  diameter  AC  bear  a  sensible  pro-  fig. 
portion  to  tlie  distance  As  of  a  near  fixed  star  Sy  this  star  will  appear  in  differ-  ^4. 
ent  situations  in  the  heavens  when  the  earth  is  at  A  and  C;  and  it  will,  in  the 
course  of  a  year,  appear  to  describe  a  circle  abcdj  or  an  ellipse,  according  as  the 
plane  of  abed  is  perpendicular  or  oblique  to  the  axis  Ssnij  or  according  as  the 
star  is  in  or  out  of  the  pole  of  the  ecliptic.  The  angle  AsC  is  called  the 
Annual  Parallax  of  the  star. 

702.  Dr.  Herschel  proposes  to  find  the  annual  parallax  of  the  fixed  stars  by 
observing  how  the  angle  between  two  stars,  very  near  to  each  other,  vary  in  op- 
posite parts  of  the  year.  This  method  was  suggested  by  Galileo  in  his  System. 
Cos.  Dial  S.  The  theory  is  true,  if  you  admit  his  postulata,  which  is,  that 
the  stars  are  all  of  the  same  magnitude,  and  that  a  star  of  the  second  magni- 
tude is  double  the  distance  of  one  of  the  first,  and  so  on.  But  we  have  no  rea- 
son whatever  for  making  the  former  supposition,  and  if  we  reason  from  the 
bodies  in  our  own  system,  analogy  will  be  against  it ;  and  in  respect  to  tlie 
magnitudes,  the  arrangement  of  that  is  merely  arbitrary.  We  will  however  ex- 
plain the  method  in  the  most  simple  case.  Let  s  and  y  be  two  stars  situated  fig. 
in  a  line  with  the  earth  at  Ay  and  perpendicular  to  the  diameter  AB  of  the  175* 
earth's  orbit,  and  when  the  earth  is  at  By  observe  the  angle  sBy.  Let  P  =  the 
angle  AxBy  or  the  annual  parallax  of  or,  p=sthe  angle  jt^F  found  firom  observa- 

tion,  M  and  m  the  angles  under  which  the  diameters  of  j;  and  y  appear,  and 

draw  zx  perpendicular  to  Bx.    Then p  :  P::xz  :  ABy.jcy  :  Ay\:  (because  M 

p  X  3/ 
I  m:\Ay  :  Ax)  M-^m  :  M ;   hence,  ^^ m  —  m  ^^ P^raUax  of  x.     If  ^  be  a 

star  of  the  first  magnitude,  and  y  one  of  the  third,  and  j9=  \\  then  P=  T  ^  on 
these  suppositions.     See  the  PhiL  Trans.  1782. 

703.  Several  stars  mentioned  by  ancient  Astronomers  are  not  now  to  be  found, 
and  several  are  now  observed,  which  do  not  appear  in  their  catalogues.  The 
most  ancient  observation  of  a  new  star  is  that  by  Hipparchus,  about  120  years 
before  J.  C.  which  occasioned  his  making  a  catalogue  of  the  fixed  stars,  in 
order  that  future  Astronomers  might  see  what  alterations  had  taken  place  since 
his  time.  We  have  no  account  where  this  new  star  appeared.  A  new  star  is 
also  said  to  have  appeared  in  the  year  130;  another  in  389;  anotlier  in  tlie 
Ainth  century,  in  IS""  of  Scorpio  ;  a  fiflh  in  945 ;  and  a  sixth  in  1264 ;  but  tlie 
accounts  we  have  of  all  these  are  very  imperfect. 

704.  The  first  new  star  we  have  any  accurate  account  of,  is  that  which  was  dis- 
covered  by  Cornelius  Gemma,  on  November  8,  1572,  in  the  Cliair  ofCassiopea. 
It  exceeded  Sirlus  in  brightness,  and  was  seen  at  mid-day.  It  flrat  appeared 
bigger  than  Jupitery  but  it  gradually  decayed,  and  afler  sixteen  months  it  en- 
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tirely  disappeared.  It  was  observed  by  Tycbo  I^ahe,  who  foui|d  that  it  bad 
DO  sensible  parallax  ;  and  he  concluded  that  it  was  a  fixed  star*  Some  have 
supposed  that  this  is  the  same  which  appeared  in  945,  and  12^,  the  situation 
of  its  place  favouring  this  opinion*  .^ 

705«  On  August  13,  1596,  Davu>  Fabbicius  observed  a  npw  star  in  the 
Neck  of  the  Whaley  in  25°.  45'  of  Aries,  with  15°.  54'  south  latitude.  It  di^ap« 
pearcd  after  October  in  the  same  year.  Phoc yllides  Hojuwaisida  f^scovered  it 
again  in  1637,  not  knowing  that  it  had  ever  been  seen  before  -,  and  after  h^v* 
itig'  disappeared  tor  nine  months,  he  saw  it  come  into  view  again. ,  ^uJU^Aijxue 
d^ermineil  the  periodic  tiipe  between  its  greatest  brightness  to  be  3^39^^  d^ys. 
Its  greatest  brightness  is  that'  of  a  star  of  the  second  magnitude,  and.  iit^  lea^ 
tbat  of  a  star  of  the  sixth.  Its  greatest  degree  of  brightness  however  ia^  not 
always  the  same,  nor  are  the  same  phases  always  at  the  same  interval*  ^ 

706.  In  the  year  1 600,  William  J ansenius  discovered  a  changeable  star  in 
tlie  Neck  qf  the  Swan.  It  was  seen  by  Kepler,  who  wrote  a  treatise  upon  it^ 
and  determined  its  place,  to  be  l&*.  IS'xor,  with  SS"".  30'  or  32'  north  latitude. 
Ricciolus  saw  it  in  1616^  1621,  1624  and  1629.  He  is  positive  that  it  wasin- 
visible  iu  the  last  years  from  1640  to  1650.  M.  Cassini  saw  it  again  in  1655 }. 
it  increased  till  1660,  and  thmi  grew  less,  and  at  the  end  of  166-1  it  disappeared. 
In  November  1665,  it  appeared  again,  and  disappeared  ial68K  In  1715  it 
appeared  of  the  sixth  magnitude,  as  it  does  at  present. 

707.  Oil  June  20,  1670,  another  changeable  star  was  discovered  near  the 
Stvan^s  Head^  by  P.  Anthelme.  It  disappearied  in  October,  and  waa  seen 
again  on  March  17,  1671.  On  September  11,  it  disappeared.  It  appeared, 
again  in  March  1672,  and  disappeared  in  the  same  month,  and  has  never  .since 
been  seen.  Its  longitude  was  l"".  52'.  26\  of  ;»,  and  its  latitude  47^  25^.  22^ 
N.     The  days  are  here  put  dovna  for  tlie  new  style. 

708.  In  1686,  Kirchius  observed  x  ^^  the  STivan  to  be  a  changeable  star  ;  and, 
from  20  years'  observations,  •  .the  period  of  the  return  of  the  same  phases  was 
found  to  be  405  days ;  the  variations  of  its  magnitude  however  were  subject  to 
some  irregularity. 

709.  In  the  year  1604,  at  the  beginning  of  October,  Kepler  discovered  a 
new  star  near  the  heel  of:  the  right  foot  of  SerpentariuSy  so  very  briUiant,  that 
it  exceeded  every  fixed  star,  and  even  Jupiter  in  magnitude.  It  was  observed 
to  be  every  moment  changiiig  into  some  of  tlie  colours  of  the  ^rainbo w,  except 
when  it  was  near  the  horizon,  when  it  waa  generally  white.  It  gradually  dimi« 
nished,  and  disappeared  about  October  1605,  when  it  came  too  near  the  sun. 
to  be  visible,  and  was  never  seen  after.  Its  longitude  was  17^  40'  of  /  ,  with 
1°.  56'  north  latitude,  and  was  found  to  have  no  parallax. 

710.  MoNTANARi  discovered  two  stars  in  the  constellation  of  the  Ship^ 
mai'ked  8  and  y  by  Bayer,  to  be  wanting.     He  saw  them  in  1664»  but  lost 
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them  in  1668.  Tlie  star  i  in  the  tail  of  the  Serpent^  reckoned  by  Tvcho  of  the 
tliird,  was  found,  by  him,  of  the  fifth  magtiitude.  The  star  />  in  Serpentarins 
did  not  appear^  irom  the  tiiM  it  was  observed  by  him,  till  I69i».  The  star  ^^  in 
the-Zw>w,  after  disappearing,  was  seen  by  him  in- '1.667.  He  observed  also  tliat 
i?  in  Medusa* i  Head  varied  in  its  magnitude. 

711.  M.  Cassini  discovered  one  new  star  of  tiie  fourth,  and  two  of  th^  fifth 
magnitude  in  Cdssiopeaj  alsojtfw  new  stars  in  the  same  constellation,  of  which 
thi*l5  have  disappeared ;  iwo  new  ones  in  the  beginning  of  tlie  constellation 
Erida$UiSy  of  the  fiaairth  and'fifth  magnitude ;  and  Joto'^  new  ones  of  the  fifth  or 
sixth  magnitude,  ilfear  the  north  pole.  He  farther  observed,  that  the  star, 
placed  by  BAr£tt  hear  e  of  the  LUtl^  Bear,  is  no  longer  visible ;  tliat  the  Star  A 
of  Andromeda^  which  hdid  disappeared,  had  come  into  view  again  in  1695;  that 
in  the  same  constellation,  instead  of  one  in  the  Krtee,  marked  y,  there  are  two 
others  come  more  northerly ;  and  that  I  is  diminished ;  that  the  star  plaoed  by 
Tycho  at  the  end  of  the  Chain  of  Andromeda,  as  of  the  fourth  magnitude, 
could  then  scarcely  be  seen  ;  and  that  the  star  which,  in  Tycho's  catalogue,  is 
the  twentieth  of  Pisces,  was  no  longer  visible. 

712.  M.  Maraldi  observed,  that  the  star.*  in  the  left  leg  of  Sagittariics, 
marked  by  Bayer  of  the  third  mft^nitude,  appeared  of  the  sixth,  in  1671 ;  in 
1676  it  Was  found  by  Dr.  HalleY  to  be  of  the  thirdj;  in  1692  it  could  hardly  • 
be  perceived,  but  in  1693  and  1694  it  was  of  the  foiirth  magnitude.  In  1704 
he  discovered  a  star  in  Hydra  to  be  periodical ;  its  position  is  in  a  right  line  with 
those  in  the  tail  marked  «*  and  r.  The  time  between  its  great^t  lustre,  of  the 
fourth  magnitude,  was  about  two  years ;  in  the  intermediate  time  it  disappeared. 
In  1666,  Heveliui^  says  he  could  not  find  a  «tar  of  tlie  fourth  magnitude  in  tlie 
eastern  scale  of  Libra^  observed  by  Tycho  and  Baysr;  but  Maraldi,  in  1709, 
says,  that  it  had  then  been  seen  for  15  yeart,  smaller  than  one  of  the  fi>urth. 
See  JEfewi.  d  ^Astron.  page  57. 

713.  J.  GooDRiCKE,  Esq.  has  determined  the  periodic  variation  of  Algol,  or 
0  Per  set  (observed  by  MbiirtANARf  to  be  variable)  to  be  about  2(jf.  21  A.  Its 
greatest  brightness  is  of  the  second  magnitude,  £md  least  of  the  fourth.  It 
changes  ftom  the  second  to  tfie  tburth  in  about  three  hours  and  a  half,  and  back 
again  in  the  same  time,  and  retainsat§  greatest  brightness  for  the  otlier  part  of 
the  time.  See  the  '  Pft/7.  'Thrrw.  1733:  In  the  Connoissance  des  Temps,  for 
1 792,  M.  de  la  LAkrit  haS  given  the  following  Tables  to  find  the  time  when  the 
brightness  is  the  least.  I  have  wduced  the  epochs  to  the  meridian  of  Greenwich. 
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714».  Mr.  GooDRicKE  also  discovered,  that  P  hyrw  was  subject  to  a  periodic 
variation.  The  following  is  the  result  of  his  observations.  It  completes  all  its 
phases  in  12  days  19  hours,  during  which  tUil^,  it  undergoes  the  following 
changes. — 1.  It  is  of  the  third  magnitude  for  about  two  days. — 2.  It  diminishes 
in  about  \\  days. — S.  It  is  between  the  fourth  and  fifth  magnitude  for  less  than 
a  day. — *.  It  increases  in  about  two  days. — 5.  It  is  of  the  third  magnitude  for 
about  three  days. — 6.  It  diminishes  in  about  one  day .^^7.  It  is  something  larger 
than  the  fourth  magnitude  for  a  little  less  than  a -days — 8.  It  increases  in  about 
one  day  and  three  quarters  to  the  first  point,  and  so  completes  a  whole  period. 
See  the  FluL  Trans.  1785.  He  has  also  found,  that  3^  Cfe^Aei  is  subject  to  a 
periodic  variation  of  5rf.  SA.  57*1^,  daring  which  tiitie  it  linderjgo6s  di;e^/blldwing 
changes.  1.  It  is  at  its  greatest  brightness  about  1  day  13  h6urs.— ^'Itsidimi- 
nution  is  performed  in'  about  1  d^y  13  hours. — 3.  It  is  at  it)  gresj^^^obilcura- 
tion  about  1  day  12  hours. — 4<.  It  increases  in  about  13  hoursk  Xts  giiRP^tek  and 
least  brightness  is  that  between  the  third  aiid  fourth,  and  petwcdfi^dhe  fourth 
and  fiflth  magnitudes.  1  'I 

715.  E.  PiGOTT,  Esq.  has  discovered  >»  Antinoi  to  be  a  variable  star,  with  a 
period  of  7  days  4  hours  38  minutes.  The  changes  happeni  as  follows.  ,  1.  It 
is  at  its  greatest  brightness  44  ±  hours. — 2.  It  decreases  62  ±  hours. — 3.  It  is  at 
its  least  brightness  30±hours. — 4*  It  increases  36dehouW.  When  most  i)right 
it  is  of  the  third  or  fourth  magnitude,  and  when  least,  of  the  fourth  or  fifth. 
See  the  PhiL  Trans.  1785. 

716.  In  the  Phil.  Trans.  1796,  Dr.  Herschel  has  proposed  a  method  of 
observing  the  changes  that  may  happein  to  the  fixed  stars ;  with  a  catalogue  of 
their  comparative  brightness,  in  order  to  ascertain  the  permanency  of]  their 
lustre*  I  ' 

717.  Dr.  Herschel,  in  a  Paper  in:  the  Phil.  Trans.  178^,  upon  the  proper 
motion  of  the  solar  system,  has  given  a  large  collection  of  stars  which  were  for- 
merly seen,  but  are  now  lost ;  also  a  catalogue  of  variable  jstars,  and  of  new 
stars  J  and  very  justly  observes,  that  it  is  not  easy  to  prove  thjat  a  star  was. never 
seen  be/bre;  for  though  it  should  not  jje  coLijfained  in  any  catalogue  whatever, 
yet  the  argument  for  its  former  non-appearance,  which  is  [taken  from  its  not 
having  been  obs^r\'^ed  before,  is  only  so  far  to  be  regarded, j  as  it  can  bej  made 
probable,  or  almost  certain,,  that  a  star  would  have  been  observed,  had  it  been 
visible. 

718.  There  have  been  various  conjectures  to  account  for  the  appearances  of 
the  changeable  stars.  M.  Maupertuis  supposes,  that  they  may  have  so  quick 
a  motion  about  their  axes,  that  the  centrifugal  force  may  reduce  them  to  flat 
oblate  spheroids,  not  much  unlike  a  mill-stone ;  that  its  plane  may  be  inclined 
to  the  plane  of  tlie  orbits  of  its  planets,  by  whose  attraction  the  position  of  the 
body  may  be  altered,  so  that  when  its  plane  passes  tlirough  the  earth,  it  may 
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be  almost  or  entirely  invisible,  and  tben  b^ome  again  visible  as  its  broad  side 
is  turned  towards  us.  Others  h^ye  coiijectured,  that  considerable  parts  of  thdr 
surfaces  arc  covered  \fitii  djstrk  spots,  so  that  when,  by  the  fotatioq  of  the  stsr^ 
these  spots,  are  presented  t^^^if^,:  the  stars  become  almost  or  eiiiircly  imiaible. 
Otliei*s  iiave  supiK>sed,  that^jdl^se  stars  have  very  large  opaque  ^bodies  Te¥aiviiig 
about  and  near  to  tliem,  SO;^  to  obscure  them  when  they  cowiti  iQ  icoigttOctkKli 
with  us.  The  irregularity  of  the  phases  of  some  of  tliem^  slippy)  thcrdaaae. to 
be  variable,  and  therefore  may  perhaps  be  best  accounted  fpr^ .  by  tou]]^0Hiig 
that  a  great  part  of  the  body  of  the  star  ia  covered  with  sp^ts,  whicdi  appear 
a^^d  di^ppear  like  tliose  oA  the  sun's  surface^  The  total  disappearance  of  & 
star,  may  probably  be  the  destruction  of  its  system}  and  the  appearance  of  a 
n^w  star,  the  creation  of  a  new  system  of  p^nets. 

719*  Tlie  fixed  stars  are  not  all  evenly  spread  through  the  heavens,  but  the 

l^reater  part  of  them  are  collected  into  clusters^  of  which  it  requires  a  large 

ina^ify^g  power,  with  a  great  quantity  of  light,  to  be  able  to  distinguish  tiia 

stars  sep^ajtely .     With  a  small  magnifying  power  and  quantity  of  light,  thej 

only  appear  small ,  whitish  spots,  something  like  a  small  light  cloud,  and  ftom 

tlience  U^ey,  A/(fere  ps^ied  ^elful(e.     There  are  some  nebulae,  howeyejr,  which  do 

not  receive  .^|[)^ir  light  from  stars.    In  the  year  1656,  Huygens  diwovereda 

176*      nebula  in  the  middle  of,  Or/onV^^^  it  contains  only  seven  stars,  and  the 

other  part  is  a  bright  spot  upon  a  dark  ground,  and  appears  like  an  dpeaii^ 

into  brighter  regions  beyond.      In    1612,   Simon   Marius  discovered,  a  )ie« 

bula  in  the  Girdle  of  Andromeda.     Dr.  Hall£t,  when  he  was  observing  the 

southern  stars,  discovered  one  in  the  Centaur^  but  this  is  never  viaible  in 

England.     In   1714,  he  found  another  in  Hercules j  nearly  in  a  line  with  (mnd 

>t  of  Bayer.     This  shows  itself  to  the  naked  eye,  when  the  sky  is  clear  and 

the  moon  absent.     M.  Cassini  discovered  one  between  the  Great  Dog  and  the 

S/iip^  which  he  describes  as  very  full  of  stars,  and  very  beautiful,  when  viewed 

with  a  good  telescope.    There  are  two  whitish  spots  near  tlie  south  pole,  called^ 

by  sailors,  the  Magellanic  Clouds^  which,  to.  the  naked  eye,  resemble  the  milky 

way,  but  through  telescopes  they  ^^ipear  to  be  composed  of  stars.     M*.  de  la 

Caille,  in  his  catalogue  of  .fixed  ^tais  observed  at  the  Cape  of  Good  Hope,  has 

remarked  42  nebulae  which  he  observed,  and  which  he  divided  iato  three 

classes  ;  fourteen,  in  which  he  could  not  discover  the  stars  ;  fourteen,  in  which 

he  could  see  a  distinct  mfiss  of  stars ;  and  fourteen,  in  which  the  stars  appeared 

of  the  sixtli  magnitude,  or  below,  accompanied  with  white  spots,  and  aebuls* 

ofthe  first  and  third  kind.     In  tlie  Connoissance  des  Temp$^  for  1783,  and 

1784,  there  is  a  catalogue  of  103  nebute,  observed  by  Messier  and  M^cbain^ 

some  of  which  they  could  resolve,  and  others  they  could  not.     But  Dr.  Hsaa* 

cuEL  has  given  us  a  catalogue  of  2000  nebulae^  and  cluster  of  stars,  which  he 

himself  has  discovered.     Some  of  them  form  around  compact  system^  others 
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are  more  irregukr,  c^  various  forms,  and  £M>me  are  long  and  narrow*  The 
globular  systems  of  stars  appear  thicker  in  the  middle  than  they  would  do  if 
the  stars  were  all  at  equal  distances  from  each  other ;  tiiey  are  therefore  con- 
densed towards  the  center.  That  the  stars  should  be  thus  accidentally  dis- 
posed, is  too  improbable  a  supposition  to  be  admitted ;  he  supposes  therefore, 
that  they  are  thus  brought  together  by  their  mntunl  attractions,  and  that  the 
gradual  condensation  towards  the  center,  is  a  proof  of  a  central  power  of  such 
a  kind. .  >  He  furth^  observes,  that  there  are  some  additional  circumstances  in 
the  appearance  of  extended  clusters  and  nebulae,  that  very  much  favour  the 
idea  of  a  power  lodged  in  the  brightest  part.  For  although  the  form  of  them 
be  not  globular^  it  is  plainly  to  be  seeni  that  there  is  a  tendency  towards  sphe-* 
ricity,  by  the  swell  of  the  dimensions  as  they  draw  near  the  most  luminous 
place,  denoting,  as  it  were,  a  course,  or  tide  of  stars,  setting  towards  a  center. 
As  the  stars  in  the  same  nebulae  must  be  very  nearly  all  at  the  same  relative 
distances  from  us,  and  they  appear  neatly  of  the  same  size,  their  real  magni- 
tudes must  be  nearly  equal.  Granting  therefore  that  these  nebulae  and  clusters 
(^  stars  are  formed  by  their  mutual  attraction.  Dr.  Hceschel  concludes  that 
we  may  judge  of  their  relative  age  by  the  disposition  of  their  component  parts,, 
those  being  the  oldest  which  are  most  compressed.  He  supposes  the  milky 
way  to  be  a  nebula,  of  which  oiur  sun  ia  one  of  its  component  stars.  See  the 
Pha.  Trans.  1786  and  1789. 

720.  Dr.  Herschel  has  discovered  other  phaenomena  in  the  heavens  which  he 
ealls  NeMotis  Stars^  that  is,  stars  surrounded  with  a  £iint  luminous  atmosphere, 
of  a  considerable  extent.  Cloudy  or  nebulous  stars,  he  observes,  have  been 
mentioned  by  several  Astronomers ;  but  this  name  ought  not  to  be  applied  to 
ti!ie  objects  which  they  have  pointed  out  as  such  ;  for,  on  examination,  they 
proved  to  be  either  clusters  of  stars,  or  such  appearances  as  may  reasonably  be 
supposed  to  be  occasioned  by  a  multitude  of  stars  at  a  vast  distance.  He  has 
given  an  account  of  seventeen  of  these  stars,  one  of  which  he  has  thus  described.. 
"  November  IS,  1790.  A  most  singular  phaenomenon !  A  star  of  the  eighth 
magnitude,  with  a  faint  luminous  atmosphere,  of  a  circular  form,  and  of  about 
S'  diameter.  The  star  is  perfectly  in  the  center,  and  the  atmosphere  is  so  di- 
luted, faint  and  equal  throughout;  that  there  can  be  no  surmise  of  its  consisting 
of  stars  ;  nor  can  there  be  a  doubt  of  the  evident  connection  between  the  at- 
mosphere and  tlie  star.  Another  star  not  much  Ifess'in  brightness,  and  in  the 
same  field  of  view  with  thef  above,  was  perfectly  free  from  any  such  appear-^, 
ance."  Hence  he  dmws  the  fbtlowing  consequences.  Granting  the  connec- 
tion between  iike  star  and  the  surrounding  nebulosity,  if  it  consist  of  stars  very 
remote  which  gives  the  nebulous  appearance,  the  central  star,  which  is  vislble,e 
must  be  immensely  greater  than  the  rest;  or  if  the  centi^  star  be  no  higgei: 
than  common,^  how  e:»tremely  ^all  and  compressed  must  be  those  other  lumi- 
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nous  points  which  occasion  the  nebulosity?  As,  by  the  former  supposition,  the 
luminous  central  point  must  far  exceed  the  standard  of  what  we  call  a  star,  so, 
in  the  latter,  the  shining  matter  about  the  center  will  be  much  too  small  to 
dome  under  the  same  denomination  ;  we  therefore  either  have  a  central  body 
which  is  not  a  star,  or  a  star  which  is  involved  in  a  shining  fluid,  of  a  nature 
totally  unknown  to  us.  This  last  opinion  Dr.  Herschel  adopts.  The  existence 
of  this  shining  matter,  he  says,  does  not  seem  to  be  so  essentially  connected 
with  the  central  points,  that  it  might  not  exist  without  them.  The  great  re- 
semblance there  is  between  the  chevelure  of  these  stars,  and  the  difilised 
nebulosity  there  is  about  the  constellation  of  Orion^  which  takes  up  a  space  of 
more  than  60  square  degrees,  renders  it  highly  probable  that  they  are  of  the 
same  nature.  If  this  be  admitted,  the  separate  existence  of  the  luminous 
matter  is  fully  proved.  Light  reflected  from  the  star  could  not  be  seen  at  this 
distance.  And  besides,  the  outward  parts  are  nearly  as  bright  as  those  near 
the  star.  In  further  confirmation  of  this,  he  observes,  that  a  cluster  of  stars 
will  not  so  completely  account  for  the  milkiness,  or  sofl  tint  of  tlie  light  of 
these  nebulae,  as  a  self  luminous  fluid.  This  luminous  matter  seems  more  fit  to 
produce  a  star  by  its  condensation,  than  to  depend  on  the  star  for  its  existence. 
There  is  a  telescopic  milky  way  extending  in  right  ascension  from  Sh.  15*.  8*  to 
5h.  39'.  1",  and  in  polar  distance  from  87^46'  to  98^  10'.  This,  Dr.  Hebschel 
thinks,  is  better  accounted  for,  by  a  luminous  matter,  than  from  a  collection  of 
stars.  He  obsenes,  that  perhaps  some  may  account  for  these  nebulous  stars, 
by  supposing  that  the  nebulosity  may  be  formed  by  a  collection  of  stars  at  an 
immense  distance,  and  that  the  central  star  may  be  a  near  star  accidentally  so 
placed ;  the  appearance  however  of  the  luminous  part  does  not,  in  his  opinion, 
at  all  favour  the  supposition  that  it  is  produced  by  a  great  number  of  stars ;  on 
the  other  hand,  it  must  be  granted  that  it  is  extremely  difficult  to  admit  the 
other  supposition,  when  we  know  nothing  but  a  solid  body  that  is  self-luminous, 
or,  at  least,  that  a  fixed  luminary  must  immediately  depend  upon  such,  as  the 
flame  of  a  candle  upon  the  candle  itself.  See  the  Phil  Trans.  1791,  forDn 
Hersciiel's  account. 


On  the  Constellations. 

721.  As  soon  as  Astronomy  began  to  be  studied,  it  must  have  been  found 
necessary  to  divide  the  heavens  into  separate  parts,  and  to  give  some  represen- 
tations to  them,  in  order  that  Astronomers  might  describe  and  speak  of  the 
stars,  so  as  to  be  understood.  Accordingly  we  find  that  these  circumstances 
took  place  very  early.  The  ancients  divided  the  heavens  into  ConsteUaUons^  or 
collections  of  stars,  and  rcproscntcd  them  by  animals,  and  other  figures  accord- 
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ing  to  the  ideas  which  the  dispositions  of  the  stars  suggested.  We :  fmd'  some 
of  them  mentioned  by  Job,  and  although  it  has  been  disputed,  whether  our 
translation  has  sometimes  given  the  tirue  meaniiig4o  the  Hebre\^  words,  yet  it 
is  agreed,  that  they  signify  the  constellations.  Some  of  them  are  mentioned 
hyHouen  and  Hesjod,  but  Aaatus  professedlyvtreats  of  (all  the  ancient  ones, 
except  three  which  were  invented  after  his  time.<  r  The  number  of  the  ancient 
donstdilations  was  48,  but  the  present  number  upon  a  globe  is  ^bout  70  j  by 
rectifying  which  (as  will  be  afterwards  explained),  and  setting  it  to  correspond 
with  tfcfe  stars  in  tlie  heavens,  you  may,  by  comparing  them,  very  easily  gel  a 
knowledge  of  the  different  constellations  and  stars.  Those  stars  which  do  not 
come  into  any  of  the  constellations,  are  called  unformed  stars.  The  stw*  visibly 
to  the  naked  eye  are  divided  into  six  classes,  according  to  their  m(\gt]dtu4«Si 
the  largest  are  called  of  the  first  magnitude,  the  next  of  the  second^  and  so  on« 
Those  which  cannot  be  seen  without  telescopes,  are  called.  Tckscopic.Stft^, 
The  stars  are  now  generally  marked  upon  maps  and  globes  with  Ba«»r's  l^ecs^j 
the  first  letter  in  the  Greek  alphabet  being  put  to  the  greatest  star  of  eacjii  ooiv- 
stellation  ;  the  second  letter  to  the  next  greatest,  and  so  on,  and  fwiieii  .any 
more  letters  are  wanteds  the  Italic  characters  are  generally  used ;  thi%  serves  as 
a  name  to  the  star,  by  which  it  may  be  pointed  out.  Twelve^  of  these  constel- 
lations lie  upoti  the  ecliptic,  including  a  space  about  il^^'ibrobdf  called  the 
Zodiac^  witliin  which  all  the  planets  move.  The  constellstion  ArieSy  or  the 
Raim^  about  2000  years  ago,  lay  in  the  Jirst  sign  of  th^  ectiptic ;  but^  on  account 
of  the  precession  of  the  equinox,. it  now  lies  in  the  ^ond  The  following  are 
the  names  of  the  constellations,  and  die  number  of  the  stars  observed  in  them 
by  different  Astronomers.  AnHnous  was  made  out  of  the  un&rmed  stars  neiu; 
Aquila;  and  Coma  Berenices  out  of  the  unformed  star&.near^  tlie  Liangs  Toj^ 
TEey  are  both  mentiooed  by  Ptolemy j  but  as  unformed  stars.  Tlie  constellar 
tiousasfaras  the  Triangle^  with  Coma  Berenices^  are  fior^/^am;  those  after 
Pisces,  are  sauthem. 
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ON  THE  CONSTEtLATIOKS. 


THE  ANCIENT  CONSTELLATIONS. 


Ptolemy.        Tycho.  Hevelius.Flamstbadw. 


Ursa  Minor 

The  Little  Bear 

8 

7 

12 

24 

Ursa  Major 

The  Great  Bear 

S5 

29 

73 

87 

Draco 

The  Dragon 

SI 

32 

40 

SO 

Caepheus 

Ccepheus 

13 

4 

51 

35 

Bootes 

Bootes 

23 

18 

52 

54 

Corona  Borealis 

The  Northern  Crown 

8 

8 

8 

21 

Hercules 

Hercules  kneeling 

29 

28 

45 

115 

Lyra 

The  Harp 

10 

11 

17 

21 

JCyguus 

The  Swan 

19 

18 

47 

81 

Cassiopea 

The  Lady  in  her  Chair 

13 

26 

37 

55 

Perseus 

Perseus 

29 

29 

46 

59 

Auriga 

The  Waggoner 

14 

9 

40 

66 

Serpentarius 

Serpentarius 

29 

15 

40 

74 

Serpens 

The  Serpent 

18 

13 

22 

64 

Sagitta 

The  Arrow 

5 

5 

5 

la 

Aquila 

The  Eagle  > 
Antinous    > 

\S 

12 

23 

71 

Antinous 

M%0 

3 

19 

Delphinus 

The  Dolphin 

10 

10 

14 

18 

Equulus 

The  Horse's  Head 

4 

4 

6 

lO 

Pegasus 

The  Flying  Horse 

20 

19 

38 

89 

Andromeda 

Andromeda 

23 

23 

47 

66 

Tiiangulum 

The  Triangle 

4 

4 

12 

16 

Aries 

The  Ram 

18 

21 

27 

66 

Taurus 

The  Bull 

44 

43 

51 

141 

Gemini 

The  Twins 

25 

25 

38 

85 

Cancer 

The  Crab     ' 

23 

15 

29 

83. 

Leo 

The  Lion             ^ 
Berenice's  Hair  j 

35 

30 

49  • 

95 

Coma  Berenices 

14 

21 

43 

Virgo 

The  Virgin 

32 

33 

50 

110^ 

Libra 

The  Scales 

17 

10 

20 

51 

Scorpius 

The  Scorpion 

24 

10 

20 

44 

Sagittarius 

The  Archer 

31 

14 

22 

69 

Capricornus 

The  Goat 

28 

28 

29 

51 

Aquarius 

The  Water-bearer 

45 

41 

47 

108 

Pisces 

The  Fishes 

38 

36 

39 
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THE  ANCIENT  CONSTELLATIONS  CONTINUED. 


Ptolemy.      Tycho.     Hevelius.  Flamsteah. 


Cetus 

The  Whale 

22 

21 

45 

97 

Orion 

Orion 

38 

42 

62 

78 

Eridanus 

Eridanus 

34 

10 

27 

84 

Lepus 

Tlie  Hare 

12 

13 

16 

19 

• 

Canis  Major 

The  Great  Dog 

29 

13 

21 

31 

Canis  Minor 

The  Little  Dog 

2 

2 

13 

14 

Argo 

The  Ship 

45 

3 

4 

64, 

Hydra 

The  Hydra 

27 

19 

31 

^0 

Crater 

The  Cup 

7 

3i 

10 

31 

Corvus 

The  Crow 

7 

4 

9 

Centaurus 

The  Centaur 

37 

55 

Lupus 

The  Wolf 

19 

24 

Ara 

The  Altar 

7 

9 

Corona  Australls 

The  Southern  Crown 

IS 

12 

Plscis  Australis 

The  Southern  Fish 

18 

24 

1 


THE  NEW  SOUTHERN  CONSTELLATIONS. 


Columba  Naochi 

Noah's  Dove 

Id 

Robur  Carolinum 

The  Royal  Oak 

12 

Grus 

The  Crane 

13 

Phoenix 

Tlie  Phoenix 

13 

Indus 

The  Indian 

12 

Pavo 

The  Peacock 

14 

Apus,  Avis  Indica 

The  Bird  of  Paradise 

11 

Apis,  Musca 

The  Bee  or  Fly 

4 

Chauwleon 

The  Cha^ielepn     , 

10 

Triangulum  Australis 

Tlio  South  Triangje 

5 

Piscis  volans.  Passer 

The  Flying  Fish 

8 

Dorado,  Xiphias 

The  Sword  Fish     ^ 

6 

Toucan 

The  American  Gopse 

9 

Hvdrus 

The  Water  Snake 

10 
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IIEVELIUS's  CONSTELLATIONS 


Made  out  of  the  Unformed  Stars, 


• 

HEtELIUS. 

Flamsteadv 

Lynx 

The  Lynx 

19 

44 

Leo  Minor 

The  T  jttle  Lion 

53 

Asteron  and  Chara 

Tlie  Greyhounds 

S3 

25 

Cerberus 

Cerberus 

4 

Vulpecula  and  Anser 

The  Fox  and  Goose 

27 

55 

Scutum  Sobieski 

Sobieski's  Sliield 

7 

Lacerta 

Tlie  Lizard 

16 

Camelopardalus 

The  Caraelopard 

S2 

58 

Monoceros     , 

The  Unicorn 

19 

31 

Sextans 

The  Sextant 

11 

41 

Besides  the  letters  which  are  prefixed  to  the  stdrs,  many  of  them  have  nam^^ 
as  ReguiuSy  SyriuSj  Arcturus^  &c. 

722.  Kepler,  who  was  afterwards  in  this  conjecture  followed  by  Dr.  Hal- 
LEY5  has  made  a  very  ingenious  observation  upon  the  magnitudes  and  distances 
of  the  fixed  stars.  He  observes,  that  there  can  be  only  13  points*  upon  the 
surface  of  a  sphere  as  fkr  distant  from  each  other  as  from  the  center ;  and  sup- 
posing the  nearest  fixed  stars  to  be  as  far  from  each  other  as  from  the  sun,  he 
concludes  that  there  can  be  only  13-  stars  of  the  first  m^nituder  Hence,  at 
twice  that  distance  from  the  sui^  tliere  may  be  placed  four  times  m  many,  or 
52}  at  three  times  that  distance^  nine  times  as  many,  or  117;  and  so  on.. 
These  niimbers  will  give  pretty  nearly  the  number  of  stars  of  the  first,  second, 
third,  &c.  magnitudes.  Dr.  Hallet  further  remarks,  that  if  the  number  of 
stars  be  .finite,  and  occupy  only  a  part  of  space,  the  outward  stars  wouid  be  con- 
tinually attracted  towards  tliose  which  are  witliin,  and  in  pix>cess  of  time  they 
would  coalesce  and  unite  into  one.  But  if  the  number  be  infinite,  and  they 
occupy  an  infinite  space,  all  the  parts  would  be  nearly  in  eqmlibrio,  antf  conse- 
quently each  fixed  star  being  drawn  in  opposite  directions  wosdd  keep  its 
place,  or  move  on  till  it  had  foimd  an  equilibrium.     FIUL  Trims.  N^  364. 

♦  It  is  not  here  to  be  iindcffitooil  that  there  can  be  IS  points  upon  the  surface  of  a  sphere  equidis- 
tant from  each  other  aiul  from  the  center  of  the  sphere,  but  only  that  1:2  Ciiuidihtant  points  will  be  a 
Jitlle  further  from  each  other  than  from  the  center;  so  that  if  these  points  were  reduced  to  the  same 
distance  as  from  the  enter,  there  would  be  left  a  space,  trrcatcr  than  the  other  space*,  into  which 
you  might  put  unolhcr  point,  but  not  under  the  circum;ilanceb  of  the  rest. 
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On  the  Catalogues  of  the  Pixed  Stars. 

723.  At  the  time  of  HippAitciius  of  Rhodes,  about  120  yeafs  before  J.  C. 
a  new  star  appeared,  upon  which  he  set  about  numbering  the  fixed  stars  and 
reducing  them  to  a  Catalogue^  that  posterity  might  know  whether  any  changes 
had  taken  place  in  the  heavens.     Ptolemy  however  mentions  that  Tymochauis 
and  Aristyllus  left  several  observations  made   1 80  years  before.     The  cata- 
logue of  HippARCHUs  contained  1022  stars,  with  their  latitudes  and  longitudes, 
t^hich  Ptolemy  published,  Mith  the  addition  of  four  more.    These  Astrono- 
mers made  their  observations  with  an  armillary  sphere,  placing  the  armilla,  or 
hoop  representing  the   ecliptic,  to  coincide  with  tlie  ecliptic  in  the  heavens 
by  means  of  the  suri  in  the  day-time,  and  then  they  determined  the  place  of 
the  moon  in  respect  to  the  sun  by  a  moveable  circle  of  latitude.     The  next 
night,   by  the  help  of  the  moon  (whose  place  before  found  they  corrected  by 
allowing  for  its  motion  in  the  interval  of  time)  they  placed  the  hoop  in  such  a 
situation  as  was  agreeable  to  the  present  moment  of  time,  and  then  compared, 
in  like  manner,  the  places  of  the  stars  with  the  moon.     TIius  they  found  the 
latitudes  and  longitudes  of  the  stars ;  it  could  not  however  be  done  with  such 
ati  instrument  to  any  very  great  degree  of  accuracy.     Ptolemy  adapted  his 
catalogue  to  the  year   137  after  J.  G. ;  but  supposing,  with  Hipparchus  who 
made  the  discovery,  the  precession  of  the  equinoxes  to  be  V  in  100  years,  in- 
stead of  about  72  years,  he  only  added  2^  40'  to  the  numbers  in  Hipparchus 
for  265  years  (the  difference  of  the  epochs)  instead  of  3*".  42*.  22"  according  to 
Dr.  Maskelyne's  Tables.     To  compare  his  Tables  therefore  with  the  present, 
we  must  first  increase  his  numbers  by  1**.  2'.  22",  and  then  allow  for  the  preces- 
sion from  that  time  to  this.     The  next  Astronomer  who  observed  the  fixed  stars 
anew,  was  Ulugh  Beigh,  the  Grandson  of  Tamerlane  the  Great;  he  made  a 
catalogue  of  1022  stars,  reduced  to  the  year  1437.  William,  the  most  illustrious 
Landgrave  of  Hesse,  made  a  catalogue  of  400  stars  which  he  observed;  he  com-* 
puted  their  latitudes  and  longitudes  from  their  observed  right  ascensions  arid* 
declinations.     In  the  year  1610,   Tycho  Brahe's  catalogue   of  777  stars  was 
published  from  his  own  observations,  made  with  great  care  and  diligence.  It  was' 
forwards,  in  1627,  copied  into  the  Rudolphine  2'ables,  and  increased  by  223  stars 
from  other  observations  of  Tvcho.     Instead  of  a  zodiacal  armilVd,  Tycko  ^iibsti- 
tilted  the  equatorial  armilla,  by  which  he  observed  the  diflerencc  of  right  ascen- 
rfons,  and  the  declinations,  out  of  the  meridian,  the  meridian  altitude  being 
always  made  use  of  to  confirm  the  others.  From  thence  he  computed  the  latitudes 
^nd  longitudes.     Tycho  compared   Venus  with  the  sun,  and  then  the  other  stars 
with  Venus,  allowing  for  its  parallax  and  refraction ;  and  having  thus  ascer* 
fained  the  places  of  a  tew  stars,  he  settled  the  rest  from  them  \  and  altbough 
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his  instrument  was  very  large,  and  constructed  with  great  accuracy,  yet  not 
having  pendulum  clocks  to  measure  his  time,  his  observations  cannot  be  very 
accurate.  The  next  catalogue  was  that  of  R.  P.  Ricciolus,  which  was  taken 
from  Tycho's,  except  101  stars  which  he  himself  had  observed.  Hevelius  of 
Dantziclc  in  1690  published  a  catalogue  of  1930  stars,  of  which  950  were 
known  to  the  ancients ;  603  he  calls  his  own,  because  they  had  not  been  ac« 
curately  ob$erved  by  any  one  before  himself;  and  377  of  Dr.  Halley  which 
were  invisible  to  his  hemisphere.  Their  places  were  fixed  for  the  year  1660. 
The  British  CatahgtiCy  which  was  published  by  Mr.  Flamstead,  contains  300Q 
stars,  rectified  for  the  year  1689.  They  are  distinguished  into  seven  d^^ees  of . 
magnitude  (of  which  the  seventh  degree  are  telescopic)  in  tlieir  proper  constel- 
lations. This  catalogue  is  more  correct  than  any  of  the  others,  the  x)b- 
servatipns  having  been  made  with  better  instruments.  He  also  published  an 
Atlas  Qekstis,  or  maps  of  the  stars,  in  which  each  star  is  laid  down  in  its  true 
placed  and  delineated  of  its  own  magnitude.  Each  star  is  marked  with  a  let- 
ter, beginning  with  the  first  letter  a  of  the  Greek  alphabet  for  the  largest  star 
of  each  constellation,  and  so  on  according  to  their  magnitudes,  following,  in 
this  respect,  the  charts  of  the  same  kind  which  were  published  by  J.  Bayer,  a 
German,  in  1603.  In  the  year  1757,  M.  de  la  Caillb  published  his  Funda- 
menta  AslronomiWy  in  which  there  is  a  catalogue  of  397  stars ;  and  in  176S,  he 
published  a  catalogue  of  1942  southern  stars,  from  tlie  tropic  of  Capricorn  to 
the  south  pole,  with  their  right  ascensions  and  declinations  for  1750.  He  also 
published  a  catalogue  of  zodiacal  stars  in  the  Ephemerides  from  1765  to  1774. 
Mr.  Mayer  also  pubUshed  a  catalogue  of  600  zodiacal  stars.  In  the  Nautical 
Almanac  for  1773,  there  is  published  a  catalogue  of  380  stars  observed  by  Dr. 
Bradley,  with  their  longitudes  and  latitudes.  In  the  year  1782,  J.  E.  Bode, 
Astronomer  at  Berlin,  published  a  set  of  Celestial  Charts j  containing  a  greater 
number  of  stars  than  in  those  of  Mr.  Flamstead,  with  many  of  tlie  double  stars 
and  nebula).  He  also  published,  in  the  same  work,  a  catalogue  of  stars,  that 
of  Flamstead  being  the  foundation,  omitting  some  stars,  whose  positions  were 
left  incomplete,  and  altering  the  numbers  of  others ;  to  which  he  has  added 
stars  from  Hevelius,  M.  de  la  Caille,  Mayer  and  others.  In  the  year  1776, 
there  was  published  at  Berlin,  a  work  entitled,  Recueil  de  Tables  Astronomiques^ 
in  which  is  contained  a  very  large  catalogue  of  stars  from  "Hevelius,  Flam- 
stead, M.  de  la  Caille,  and  Dr.  Bradley,  witH  their  latitudes  and  longitudes 
for  the  beginning  of  1800;  with  a  catalogue  of  the  southern  stars  of  M.  de  la 
Caille  ; — of  double  stars ; — of  changeable  stars,  and  of  nebulous  stars.  This 
is  a  very  useful  Work  for  ihc  Practical  Astronomer.  But  the  most  complete 
catalogue  is  that  published  by  the  Rev.  Mr.  Wollaston,  F.  R.  S.  in  1789,  en- 
titled,  A  Specimoi  of  a  Goieral  Astronomical  C-aMoguc^  arranged  in  Zones  of 
North  Polar  Distance ^  and  adapted  to  January  1,  1790;  containing  a  Compara- 
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five  View  of  the  Mean  Positions  of  Stars j  Nebulce^  and  Clusters  qf  Stars j  as 
fhey  come  out  upon  CaUndalion  from  the  Tables  qf  several  principifl  Observers. 
By  arranging  the  stars  into  zones  parallel  to  the  equator,  an  observer,  with  his 
telescope  on  an  equatorial  stand,  will  have  the  stars  pass  through  in*  the  order 
in  which  he  finds  them  in  the  catalogue,  by  which  he  will  more  readily  find 
out  what  he  wants,  being  prepared  for  its  appearance.  The  first  Table  con- 
tains a  catalogue  of  the  mean  right  ascensions  of  36  principal  stars  for  January 
1,  1790,  as  settled  by  Dr.  Maskelyne,  with  their  annual  precessions,  and 
proper  motions.  The  second  Table  contains  the  general  catalogue  of  all  the 
stars  whose  places  have  been  well  ascertained,  together  with  those  nebute  and 
clusters  of  stars  which  can  easily  be  seen  by  a  good  common  telescope,  with 
their  right  ascensions  and  north  polar  distances,  and  their  annual  precessions ;. 
also  their  magnitudes,  and  the  number,  name  or  character  of  the  object,  and 
by  whom  it  was  observed.  The  third  Table  contains  an  index  to  the  stars  in 
the  British  Catalogue;  referring  to  the  zone  of  north  polar  distance  in  which 
each  is  to  be  found.  The  fourth  Table  contains  an  index  of  those  stars  in.  M. 
de  la  Caille's  fundamental  catalogue,  which  are  not  in  Flamstead's.  Tlie 
fifth  Table  contains  Plamstead's  British  Catalogue,  and  M.  de  la  Caille's 
southern  catalogue,  with  about  eighty  circumpolar  stars  from  Hevelius  whicli 
had  been  omitted  by  Flamsteai>,  arranged  in  their  order  of  right  ascensions  in 
time  for  January  1,  1790.  The  sixth  Table  contains  a  catalogue  of  the  zodi* 
acal  stars  for  9°  of  latitude,  arranged  in  their  order  of  longitude  for  January  r, 
1790.  The  whole  concludes  with  a  plan  for  examining  tlie  heavens,  proposing 
that  different  persons  should  undertake  different  zones  and  examine  them  very 
minutely ;  recommending  a  system  of  wires  in  a  telescope  which  he  has  found 
very  convenient  for  that  purpose.  The  Practical  Astronomer  is  under  verv 
great  obligations  to  Me.  Wollaston.  for  so  useful  and  complete  a  Work. 

On  the  Proper  Motion  qf  the  Flawed  Stars.- 

724.  Dr..  Maskelyne,  in  the  explanation  and  use  of  his  Tables  which  he^ 
published  with  the  first  Volume  of  his  ObservalionSy  observes,  that  many,  if  not 
all  the  fixed  stars,  have  small  motions  among  themselves,  which  are  called  their 
Proper  Motions  ;  the  cause  and  laws  of  which  are  hid  for  the  present  in  almost 
equal  obscurity.  From  comparing  his  own  observations  at  that  time  with  those 
of  Dr.  Bradley,  Mr.  Flamstead,  and  M.  Ro'eher,  he  then  foimd  the  annual 
proper  motion  of  the  following  stars  in  right  ascension  to  be,  of  Sirius —  0^63^ 
of  Castor --0\2S J  of  Proci^on- 0\8j  of  PoZ/zo- -0'',93,  of  Regulus -- 0\4il  ^  of 
Arcturus-  r',4,  and  of  a  Aquil^e  +  0\57  i  and  o£  Siriu^  in  north  polar  distance 
l",20,  and  of  Arcturus  2",01  botli  southwards.     But  since  that  time  be  had; 
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continued  his  observations,  and  from  a  catalogue  of  the  mean  right  ascensions 
of  36  principal  stars  (which  he  comlnunicated  to  Mr.  Woi-i,astoN,  and  is  found 
in  his  Work),  it  appears  tliat  35  of  them  have  a  proper  motion  in  right  ascensioii. 
.  725.  In  the  year  1756,  M.  Mayer  observed  80  stars,  and  compared  them 
jvitli  the  observations  of  Roemer  in  1706.  M.  Mayer  is  of  opinion,  that  Cfroni 
the  goodness  of  the  instruments  witli  which  the  observations  were  made)  where 
tlie  disagreement  is  at  least  lO''  or  15",  it  is  a  very  probable  indicatipa  of  a  pro- 
per motion  of  such  a  star.  He  further  adds,  that  when  the  disagreen>ent  is  $o 
great  as  he  has  found  it  in  some  of  the  stars,  amongst  which  is  Famahimd, 
where  the  difference  was  81"  in  50  years,  he  has  no  doubt  of  a  proper  motion, 
Pr.  Herscuel,  following  Mayer's  judgment  of  his  own  and  Roemer's  obaer* 
vations,  has  compared  the  observations,  and  leaving  out  of  his  account  lU 
diQse  stars  whif^h  did  not  show  a  disagreement  amounting  to  10",  he  found  that 
56  of  them  had  a  proper  motion.  From  thence  he  attempts  to  deduce  the  mo^ 
tion  of  ,thp  solar  system  in  tlie  following  manner. 
FIG.  .  726.  If  the  sun  be  first  at  Sj  and  then  move  from  aS  to  C  in  the  line  ABj 
177.  .  a  star  at  s  would  appear  to  move  from  a  to  b;  hence  if  we  suppose  BKAL  to 
be  the  ecliptic,  any  star  in  the  semicircle  BKAy  supposing  that  to  be  the  order 
.of  the  signs,  will  have  its  longitude,  reckoned  from  the  point  to  which  the  bus 
is  moviiig,  increased;  but  a  star  in  the  other  semicircle  will  have  its  longitude, 
so.  reckoned,  diminished.  Those  stars  which  do  not  lie  in  the  ecliptic  would 
have  th^ir  latitudes  altered ;  those  would  be  increased,  towards  which  the  sun 
was  moving,  and  those  diminished,  from  which  it  was  receding.  The  efiect 
will  be  less  in  proportion  as  the  distance  of  the  star  is  greater,  and  as  it  is  nearer 
to  A  and  B  in  angular  distance^  These  would  be  the  appearance,  if  the  stars 
themselves  were  at  reat;  but  if  any  of  them  be  in  motion,  these  eflfecta  wiU  be 
altiered  according  to  their  motion  compared  with  the  motion  of  our  aim* 
Some  of  them  therefore  from  their  own  proper  motions  might  destroy,  or  more 
than  counteract  the  effects  arising  from  the  motion  of  the  sun,  and  appear  to 
have  motions  contrary  to  what  is  here  described.  Like  effects  will  be*  pro- 
duced, if  our  system  move  in  any  direction  out  of  the  ecliptic.  Hence,  in 
whatever  direction  our  system  should  move,  it  would  be  veiy  easy  to  find  what 
effect  of  latitude  and  longitude  would  have  taken  place  upon  any  star  by  means 
of  a  celestial  globe,  by  conceiving  the  sun  to  move  from  the  center  upon  any 
radius  directed  to  the  point  to  wJiich  the  sun  is  moving.  Dr.  Hersghel  de- 
Bcribes  the  effect  thus.  Let  an  arc  of  QO""  be  applied  to  the  sur&ce  of  a  giobe^ 
and  always  passing  through  that  point  to  which  the  motion  of  the  system  is 
directed.  Then  whilst  one  end  moves  along  the  equator,  the  other  will  de- 
scribe <>  ^ng  through  its  pole  and  returning  into  itself;  and  the  stars 
in  i  rnkphere,  within  this  curve,  will  appear  to  move  to  the 
noi  sjo  to  the  south.  A  similar  curve  may  be  des^bed  ib 
the  ul  like  appearances  will  take  place. 
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727.  Now  Dr.  Herschel  first  takes  the  seven  stars  before  mentioned,  whose 
proper  motions  had  been  determined  by  Dr.  Maskelvne,  and  he  finds,  that  if 
the  point  A  be  assumed  about  the  77°.  of  right  ascension,  and  the  sun  to  move 
from  Sio  C,  that  it  will  account  for  all  the  motions  in  right  ascension.  And 
if,  instead  of  supposing  the  sun  to  move  in  the  plane  of  the  equator,  it  should 
ascend  to  a  point  near  to  y  IlerctiliSj  it  will  account  for  the  obseiTed  change  of 
decHnation  of  «S7riw5  and -4rc/wrw5.  In  respect  to  the  quantity  of  motion  of 
each,  that  must  depend  upon  their  unknown  relative  distances ;  he  only  speaks 
here  of  the  directioiis  of  the  motions. 

728.  He  next  takes  twelve  stars  from  the  catalogue  of  56,  whose  proper  mo- 
tions have  been  determined  from  a  comparison  of  tlie  observations  of  Roemer 
and  Mayer,  and  adds  to  them  Reguhis  and  Castor ;  these  have  all  a  proper 
motion  in  right  ascension  and  declination,  except  Regulus,  which  has  none  in 
declination.  Of  these  27  motions,  the  above  supposed  motion  of  the  solar 
system  will  satisfy  22.  There  are  also  some  remarkable  circumstances  in  the 
quantities  of  these  motions.  Arctarus  and  Sirius  being  the  largest,  and  there- 
fore probably  the  nearest,  ought  to  have  the  greatest  apparent  motion,  and  so 
we  find  they  have.  Also  Arcturus  is  better  situated  to  have  a  motion  in  right 
ascension,  and  it  has  the  greatest  motion.  Several  other  agreements  of  the 
same  kind  are  found  also  to  take  place.  But  there  is  a  very  remarkable  cir- 
cumstance in  respect  to  Castor.  Castor  is  a  double  star ;  now  how  extraordi- 
nary must  appear  the  concurrence,  that  two  such  stars  should  both  have  a  proper 
motion  so  exactly  alike,  that  they  have  never  been  found  to  vary  a  single  second ! 
This  seems  to  point  out  the  common  cause,  the  motion  of  the  solar  system^ 

729.  Dr.  Herschel  next  takes  32  more  of  the  same  catalogue  of  56  stars,  and 
shows  that  their  motions  agree  very  well  with  his  supposed  motion  of  the  solar 
system.  But  the  motions  of  the  other  12  stars  cannot  be  accounted  for  upon 
this  hypothesis.  In  these  therefore  he  supposes  the  effect  of  the  solar  motion 
has  been  destroyed  and  counteracted  by  their  own  proper  motions.  The  same 
may  be  said  of  19  stars  out  of  tlie  32,  which  only  agrees  with  the  solar  motion 
one  way,  and  are,  as  to  sense,  at  rest  the  other.  According  to  the  rules  of 
philosophizing  therefore,  which  direct  us  to  refer  all  phaenomena  to  as  few  and 
simple  principles  as  are  sufficient  to  explain  them.  Dr.  Herschel  thinks  we 
ought  to  admit  the  motion  of  the  solar  system.  Perhaps,  however,  this  argu- 
ment cannot  be  properly  applied  here,  because,  there  is  no  new  cause  or  prin- 
ciple introduced  by  supposing  each  star  to  have  a  proper  motion.  Admitting 
the  doctrine  of  universal  gravitation,  the  fixed  stars  ought  to  move  as  well  as 
the  sun.  But  the  sun's  motion,  as  here  estimated,  cannot  be  owing  to  the 
action  of  a  body  upon  it  which  might  give  it  a  rotatory  motion  at  the  same 
time,  as  M.  de  la  Lande  conjectures ;   because  a  body  acting  on  the  sun  to 
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give  it  its  rotation  about  its  axis,  would  not,  at  the  same  time,  give  it  that  pro-  ' 
gressive  motion.    See  Dr.  Herschel's  Account  in  tlie  Pkil.  'lYans,  1783. 

730.  Let  us  now  consider,  how  far  this  motion  of  the  solar  system  agrees 
with  the  proper  motion  of  the  35  stars  determined  hy  Dr.  Maskelyne.  Now 
upon  supposition  that  the  sun  moves,  as  conjectured  by  Dr.  Heeiscuel,  tJiat 
motion  will  account  for  the  motion  of  20  of  them,  so  far  as  regards  their  direc- 
tion; but  the  motion  of  the  other  15  is  contrary  to  that  which  ought  to  arise 
from  this  supposition.  As  some  of  the  stars  must  have  a  proper  motion  of  their 
own,  even  upon  the  hypothesis  of  a  solar  motion,  and  which  probably  arises 
from  their  mutual  attraction,  it  is  very  probable  that  they  have  all  a  proper  mo- 
tion from  the  same  cause,  but  most  of  them  so  very  small  as  not  yet  to  have 
been  discovered.  And  it  might  also  happen,  that  such  a  motion  might  be  the 
same  as  that  which  would  arise  from  the  motion  of  the  solar  system.  Yet  it 
must  be  confessed,  that  the  circumstance  of  Castor^  and  the  motions  both  in 
right  ascension  and  declination  of  many  of  the  stars  being  such  as  arise  (torn 
this  hypothesis,  with  the  apparent  motion  being  greatest  of  those  stars  which 
are  probably  nearest,  form  a  strong  argument  in  its  favour. 


On  the  Zodiacal  Light. 


731*  The  Zodiacal  Light  is  a  pyramid  of  light  which  sometimes  appears  in 
the  morning  before  sun  rise.  It  has  the  sun  for  its  baas,  and  in  appearance  re- 
sembles the  Aurora  Boreaiis.  Its  sides  are  not  straight,  but  a  little  curved, 
its  figure  resembUng  a  lens  seen  edgeways.  It  is  generally  seen  here  about 
October  and  March,  that  being  the  time  of  our  shortest  twilight ;  for  it  cannot 
be  seen  in  the  twilight;  and  when  the  twilight  lasts  a  considerable  time,  it  is 
withdrawn  before  the  twilight  ends.  It  was  observed  by  M.  Cabsini,  in  1683, 
a  little  before  the  vernal  equinox,  in  the  evening,  extending  along  the  ecliptic 
fix^m  the  Bun.  He  thinks  however  that  it  has  appeared  formerly  and  afrerwarda 
disappeared,  fitim  an  observation  of  Mr.  J.  Childret,  in  a  book  published  in 
1661,  entitled,  Britannia  Baconica.  He  says,  that  "  in  the  month  of  February, 
for  several  years,  about  six  o'clock  in  the  evening,  after  twilight,  he  saw  a  path 
of  light  tending  from  the  twiliglit  towards  the  Fkktdes,  as  it  were  touching  thcin. 
This  is  to  be  •  whenever  the  weatlieris  clear,  but  best  wlien  the  moon  docs 
not  shine.  I  '^  •  this  phsnomenon  has  been  formerly,  and  will  hereafter 
Mentioned  lime  of  tlic  year.  But  the  cause  and 
1  therefore  leave  it  to  the  enquirj-  of  paste- 
"  S  no  doubt  but  that  this  was  tlie  zodi- 
B  ancients  called  Trabes,  which 
PiiNV,  lib. 
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II.  p.  26,  says,  Emicant  Trabes^  quos  docos  vocant.  Des  Cartes  also  speaks -of 
a  phffinomenon  ''fthe  same  kind.  M.  Fatio  de  Duilliee  observed  it  immedi- 
ately after  the  discovery  by  M.  Cassini,  and  suspected  that  it  has  always  ap- 
peared. It  was  soon  after  observed  by  M.  Kirch  and  Eimmart  in  Germany. 
In  the  year  1 707,  on  April  3,  it  was  observed  by  Mr.  Dbrham  in  Essex.  It 
appeared  in  the  western  part  of  the  heavens,  about  a  quarter  of  an  hour  after 
sun  set,  in  the  form  of  a  pyramid,  perpendicular  to  the  horizon.  The  base  of  this 
pyramid  he  judged  to  be  the  sun.  Its  vertex  reached  15®  or  20°  above  the 
horizon.  It  was  throughout  of  a  dusky  red  colour,  and  at  first  appeared  pretty 
vivid  and  strong,  but  faintest  at  the  top.  It  grew  fainter  by  degrees,  and 
vanished  about  an  hour  after  sun  set.  This  solar  atmosphere  has  also 
been  seen  about  the  sun  in  a  total  solar  eclipse,  a  luminous  ring  appearing  about 
the  moon  at  the  time  when  the  eclipse  was  total. 

732.  Let  HOR  be  the  horizon,  JS  the  sun  18®  below  at  the  end  of  twilight,       fig. 
then  will  A 10  represent  the  appearance  and  position  of  the  zodiacal  light  seen      178. 
at  Paris  on  the  last  day  of  February,  and  zge  will  represent  the  same  the  next 
morning  before  the  beginning  of  twilight,  the  sun  being  at  /S",  as  determined 

by  M.  de  Mairan  in  liis  treatise  De  FAvrore  Boreale.  The  distance  SA  was 
then  about  90%  and  10  about  20''.  The  axis  -4Z,  az  coincide  with  the  sun's 
equator,  and  therefore  makes  an  angle  of  about  V/  with  the  ecliptic.  There- 
fore as  the  angle  which  the  ecliptic  makes  with  the  horizon  changes  at  different 
times  of  the  day,  tlie  angle  which  the  axis  of  tliis  light  makes  with  the  horizon 
will  also  be  variable.  Hence,  if  we  determine  the  angle  which  the  ecliptic 
makes  with  the  horizon  at  any  time,  it  will  give  us  the  position.  If  we  set  a 
celestial  globe  to  the  hour,  it  will  show  us  its  position,  and  through  what  stars 
it  will  pass,  which  will  therefore  direct  us  very  accurately  where  to  look  for  it. 
Hence  it  will  be  most  visible,  caeteris  paribus,  when  the  ecliptic  piakes  the  . 
greatest  angle  with  the  horizon.  On  October  6,  1684,  M.  Fatio  perceived  the 
point  A  distinctly  terminated,  the  angle  of  which  was  26i°.  M.  Eimmart  ob- 
served the  same  on  January  13,  1694.  In  1683,  when  M.  Cassini  first  ob- 
served it,  SA  was  50°  or  60"^,  and  lO  about  8°  or  9°.  In  1686  and  1687,  SA 
extended  from  90''  to  103°,  and  10  was  about  20°.  On  January  6,  1688,  SA 
did  not  appear  to  be  above  45°,  but  the  horizon  was  then  filled  with  fogs,  and 
Venus  shone  very  bright.  The  appearance  therefore  depends  upon  the  state 
of  the  atmosphere,  and  situation  of  the  planets,  which  may  produce  light 
enough  partly  to  obscure  it.  10  has  sometimes  been  extended  to  30°,  M. 
Pingre',  in  the  torrid  zone,  has  observed  SA  to  be  120°.  The  thickness  10 
ought  to  appear  different  at  different  times  of  the  year,  because  the  earth  will 
be  in  a  different  situation  in  respect  to  its  edge. 

733.  Let  ABC  be  a  section  of  the  zodiacal  light  perpendicular  to  its  axis,  T     no. 
the  earth,  and  TA  a  line  drawn  to  the  highest  point  above  the  horizon ;  now     179. 
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the  angle  STA  having  been  observed  greater  than  90%  5  T  must  be  less  tlian 
SAy  or  the  light  must  extend  to  a  distance  from  the  sun,  greater  than  the  earth^s 
distance.  Hence,  when  the  earth  is  about  the  nodes  of  this  light,  or  the  points 
where  the  plane  ABC  intersects  the  ecliptic,  it  will  be  immersed  in  this  zodi- 
acal light,  or,  as  it  is  also  called,  the  solar  atmosphere.  M.  de  Maiban  thinks 
the  Aurora  Borealis  depends  upon  this. 

734.  M.  Fatio  conjectured,  that  this  appearance  arises  from  a  collection  of 
corpuscles  encompassing  the  sun  in  the  form  of  a  lens,  reflecting  the  light  of 
the  sun.  M.  Cassini  supposed  tliat  it  might  arise  from  an  infinite  number  of 
planets  revolving  about  the  sun  ;  so  that  this  light  might  owe  its  existence  to 
these  bodies,  as  tlie  milky  way  does  to  an  innumerable  number  of  fixed  stars. 
It  is  now  however  generally  supposed,  that  it  is  matter  detached  from  the  sun 
by  its  rotation  about  its  axis.  The  velocity  of  the  equatorial  parts  of  the  sun 
being  the  greatest,  would  throw  the  matter  to  the  greatest  distance,  and,  on  ac- 
count  of  the  diminution  of  velocity  towards  its  poles,  the  height  to  which  the 
matter  would  there  rise  would  be  diminished ;  and  as  it  would  probably  spread 
a  little  sideways,  it  would  form  an  atmosphere  about  the  sun  something  in  the 
fonn  of  a  lens,  whose  section  perpendicular  to  its  axis  would  coincide  with  the 
sun's  equator.  And  this  agrees  very  well  with  observation.  There  is  however 
a  difficulty  in  thus  accounting  for  this  phenomenon.  It  is  very  well  known, 
that  tlie  centrifugal  force  of  a  point  of  the  sun's  equator  is  a  great  many  times 
less  than  its  gravity.  It  does  not  appear,  therefore,  how  the  sun,  from  its  ro- 
tation, can  detach  any  of  its  gross  particles.  If  they  be  particles  detached  fit)m 
the  sun,  they  must  be  sent  off  by  some  other  unknown  force  ;  and  in  that  case 
they  might  be  sent  off  equally  in  all  directions,  which  would  not  agree  with  the 
obser\'ed  figure.  The  cause  is  probably  owing  to  the  sun's  rotation,  althou^ 
not  immediately  to  the  centrifugal  force  arising  therefrom. 


CHAP.  XXVIII. 

ON  THE  LONGITUDE  OF  PLACES  UPON  THE  SURFACE  OF  THE  EARTH. 

Art.  735.    X  HE  situation  of  any  place  upon  the  earth's  surface  is  determined 
from  its  latitude  and  longitude.     The  latitude  may  be  found  from  the  meridian 
altitude  of  the  sun,  or  a  known  fixed  star  ;  from  two  altitudes  of  the  sun,  and 
the  time  between ;  and  by  a  variety  of  other  methods.     These  operations  are 
so  easy  in  practice,  and  opportunities  are  so  continually  offering  themselves, 
that  the  latitude  of  a  place  may  ^generally  be  determined,  even  under  the  most 
unfavourable  circumstances,  to  a  degree  of  accuracy  sufficient  for  all  nautical 
purposes.     But  the  longitude  cannot  be  so  readily  found.     Philip  lit.  King 
of  Spain,  was  the  first  person  who  offered  a  reward  for  its  discovery  ;  and  the 
States  of  Holland  soon  after  followed  his  example,  they  being  at  that  time 
rivals  to  Spain,  as  a  maritime  power.     During  tlie  minority  of  Lewis  XV.  of 
France,  the  regent  power  promised  a  great  reward  to  any  person  who  should 
discover  the  longitude  at  sea.      In  tlie  time  of  Charles  II.   about   1675, 
the  Sieur  de  St.  Pierre,  a  Frenchman,  proposed  a  method  of  finding  the 
longitude  by  the  moon.     Upon  this,  a  commission  was  granted  to  Lord  Vis- 
count  Brouneer,  president  of  the  Royal  Society,  Mr.  Flamstead,  and  several 
others,  to  receive  his  proposals,  and  give  their  opinion  respecting  it.  Mr«  Flam- 
stead  gave  his  opinion,  that  if  we  had  Tables  of  the  places  of  the  fixed  stars, 
and  of  the  moon's  motions,  we  might  find  tlie  longitude,  but  not  by  the  me- 
thod proposed  by  the  Sieur  de  St.  Pierre.     Upon  this,  Mr.  Flamstead  was  ap- 
pointed Astronomer  Royal,  and  an  Observatory  was  built  at  Greenwich  for 
him  ;    and  tlie  instructions  to  him  and  his  successors  were,  "  that  they  should 
apply  themselves  with  the  utmost  care  and  diligence  to  rectify  the  Tables  of 
the.  motions  of  the  heavens,  and  tlie  places  of  the  fixed  stars,  in  order  to  find 
out  the  so  much  desired  longitude  at  sea,  for  the  perfecting  of  the  art  of  navi- 
gation.** 

736.  In  the  year  1714,  the  British  Parliament  offered  a  reward  for  the 
discovery  of  the  longitude  ;  the  sum  of  £A0000j  if  the  method  determined 
the  longitude  to  1  degree  of  a  great  circle,  or  60  geographical  miles ;  of 
^'.15000,  if  it  determined  it  to  40  miles;  and  of  i*.20000,  if  it  determined  it  to 
SO  miles,  with  this  proviso,  that  if  any  such  method  extend  no  further  than  to 
80  miles  adjoining  to  the  coast,  the  proposer  shall  have  no  more  than  half  such 
rewards*.   The  Act  also  appoints  the  First  Lord  of  the  Admiralty,  the  Speaker 

*  See  Wiiiston's  Account  of  the  proceedings  to  o'>tr.'<i  tliis  Act,  in  the  prcfiicc  to  his  Longitude 
discovered  by  J/fhita^n  Planets.  2 
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of  the  House  of  Commons,  the  Rrst  Commissioner  of  Trade,  the  Adminds  of 
the  Red,  White,  and  Blue  Squadrons,  the  Master  of  the  Trinity  House^  the 
President  of  the  Royal  Society,  the  Royal  Astronomer  at  Greenwich,  the  two 
Savilian  Professors  at  Oxford,  and  the  Lucasian  and  Plumian  Professors  at 
Cambridge,  with  several  other  persons,  as  Commissioners  for  the  Longitude  at 
Sea.    The  Lowndian  Professor  at  Cambridge  was  afterwards  added.    After  this 
Act  of  Parliament,  several  other  Acts  passed  in  the  reigns  of  George  II.  and 
III.  for  the  encouragement  of  finding  the  longitude.  Aft  last,  in  die  year  1774, 
an  Act  passed,  repealing  all  other  Acts,  and  €fSefnttg  mpsianste  rewaods  to  my 
person  ^vho  shall  discover  the  longitude,  etther  t>y  the  iimar  tnetliod,  or  by  « 
^atch  keeping  true  time,  within  certain  limits,  or  by  ^tny  otiber  method.     The 
Act  proposes  as  a  reward  for  a  time-keeper,  the  Mm  of  <£.5000,  ;^st  deterroiDe 
the  longitude  to  one  degree,  or  60  geografphical  miles ;  the  sam  of  <£.750Q,  if 
tt  determine  the  same  to  40  miles ;  and  the  sum  of  «£•  1^0000,  if  it  determaie  the 
5Jame  to  SO  miles,  aftdr  ^oper  trials  specified  ra  the  Act     If  the  ttethod  rbe  irjr 
improved  solar  and  lunar  Tables,  constructed  upwi  *Sir  I.  Ni?wtok^  thsary  ef 
gravitattion,  the  author  shall  be  mtitled  to  i:.5000,  if  such  Tables  «hall  dicrw  the 
distance  of  the  moon  from  the  sun  and  stars  within  fifteen  seconds  of  a4^ree, 
answering  to  about  seven  minutes  of  longitude,  after  making  an  allowance  df 
lialf  a  degree  for  the  errors  of  observation.     And  for  any  other  method,  tbc 
same  rewards  are  offered  as  those  for  the  time-keeper,  provided  it  gives  the  lon- 
gitude true  within  the  same  Kmits,  and  be  practicable  at  sea.   The  commissioo- 
ers  have  also  a  power  of  giving  smaller  rewards,  as  they  shall  judge  proper,  to 
any  one  who  shall  make  any  discovery  for  findhig  the  longitude  at  sea,  though 
not  within  the  above  limits.     Provided  however,  that  if  such  person  or  persons 
shall  afterwards  make  any  further  discovery  as  to  come  within  the  above-men* 
tioned  limits,  such  sum  or  sums  as  they  may  have  received,  shall  'be  considered 
as  part  of  such  greater  reward,  and  deducted  therefrom  accordingly. 

737.  After  the  decease  of  Mr.  Flamstead,  Dr.  Halley,  wlio  was  appointed 
to  succeed  him,  made  a  series  of  observations  on  the  moon's  transit  over  the 
meridian,  for  a  complete  revolution  of  the  moon's  apogee,  which  observations 
being  compared  with  the  places  computed  from  the  Tables  then  extant,  he  was 
enabled  to  correct  the  Tables  of  the  moon's  motion.  And  as  Mr.  HAOLErhad 
then  invented  an  instrument  by  which  altitudes  could  be  taken  at  sea,  and  also 
the  moon's  distance  from  the  sun  or  a  fixed  star,  Dr.  Halley  strongly  recom- 
mended the  method  of  finding  the  longitude  from  such  observations*,  having 

*  The  idea  of  findinj;^  the  longitude  by  the  moon,  was  first  thought  of  by  John  Werner  of  Kurein- 
berg,  in  1514;  it  was  afterwards  recommended  by  Peter  Apian,  in  1524;  and  by  Oronce  Fine, 
and  Gemma  Fiusius  ;  the  latter  of  which  proposed  to  find  the  place  of  the  moon  at  any  time,  l|y  ob- 
serving its  distance  from  a  fixed  star,  and  then  to  calculate  the  time  when  the  moon  ought  to  be  at 
that  distance,  by  which  you  will  have  the  difterence  of  the  meridians  of  the  place  of  observation  and 

3  tlie 
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found  from  experience  the  impracticability  of  all  other  methods,  particularly  at 
sea. 

738.  To  discover  the  longitude  of  any  place  from  Greenwich,  we  must  be 
able  to  ascertain  the  time  at  that  place,  and  compare  it  with  the  time  at  the 
same  instant  at  Greenwich.  The  methods  which  have  been  proposed  to  effect 
this  are — By  the  moon's  distance  from  the  sun  or  a  fixed  star — By  the  moon's 
transit  over  the  meridian  compared  with  that  of  a  fixed  star — By  the  occulta- 
tion  of  a  fixed  star  by  the  moon — By  a  solar  eclipse — By  a  time-keeper — And 
by  an  eclipse  of  the  moon,  or  of  Jupiter^ s  satellites. 


Bi/  the  Moon^s  Distance  from  the  Sun  or  a  Fixed  Star. 

739.  Dr.  Maskelyne,  our  late  worthy  Astronomer  Royal,  in  his  two  voy- 
ages, one  to  St.  Helena,  and  the  other  to  Barbadoes,  proved  the  utility  of  this 
method  of  finding  the  longitude  at  sea ;  and  which  he  very  fully  explained  in 
a  Treatise,  entitled.  The  British  Mariner^s  Guide.  But  the  great  labour  j^nd 
nicety  of  the  calculations  seemed  to  be  a  material  objection  to  it ;  particularly 
the  calculation  of  the  moon's  latitude  and  longitude,  which  are  necessary  to 
compute  its  distance  from  the  sun  or  a  fixed  star.  To  facilitate  this,  and  many 
other  parts  of  the  computation.  Dr.  Maskelynb  proposed  the  publication  of 
the  Nautical  Almanac^  in  which,  amongst  a  great  many  other  things,  the  moon'9 
true  distance  from  the  sun  or  proper  fixed  star  is  put  down  for  every  three 
hours }  so  that  its  distance  at  any  other  time  may  be  found  by  only  one  propor- 
tion. Another  requisite  was,  an  easy  practical  rule  for  finding  the  true  dis- 
tance of  the  moon  from  the  sun  or  a  star  from  their  apparent  distance  and  alti- 
tudes. Dr.  Maskelyne  gave  a  practical  method  of  doing  this,  in  the  above-* 
mentioned  Work,  and  afterwards  he  improved  it.  The  first  Nautical  Almanac 
was  puWished  in  1767,  in  which  are  given  two  other  methods  of  finding  the 
moon's  true  distance  from  the  sun  or  star  from  their  observed  distance,  one  by 
Mr.  Lyons,  and  the  other  by  Mr.  Dunthorne.  In  the  Requisite  Tables  these 
two  methods  are  improved.  Another  method  is  also  given  by  Mr.  Wjtchell 
in  that  Work.  Various  other  methods  have  been  also  given.  For  the  same 
purpose,  a  set  of  Tables  were  published  by  order  of  the  Board  of  Longitude, 
containing  the  corrections  for  refraction  and  parallax  to  every  degree  of  tlie 
moon's  distance  from  the  sun  or  a  fixed  star,  and  for  every  degree  of  altitude 
of  each,  under  the  care  of  Dr.  Shepherd,  the  late  Plumian  Professor  of  Astro- 

the  place  for  which  the  calculation  was  made.  KrPLEK  also  mentioned  this  as  an  excellent  method  of 
fmdiiio^  the  longitude,  and  after  him  Longomontanus.  But  without  correct  Tahles  of  tlie  moon's* 
moiions,  and  proper  instruments  to  measure  its  distance  from  a  6xcd  star,  this  method  could  not  he 
put  in  practico. 
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nomy  and  Experimental  Philosopljiyr  »t  Cambridge.  Tliey  were  computed  by 
Mr,^;L,yo.\s,  Mr.  Parkinson,  ^apj^  Mr v  Williams.  The  objection  to  the  direct 
method  of  solyjpg  this  prol^j^j  ^?^>,  partly  from  tlie  length  pf  the  operatioD, 
an4  partjy  from,  the , tediou^^ j , of  proportioning  to  find  the  Jog^nthms  tp  «e- 
copd^f.  But  since  the.  publycatipi^  1^  Mr.  Taylor's  Logarithni^,^';i|^ifl  lattier  ,ob« 
jepti5^u>ta|cena»-ay.  :{.•,..:.  '  tft  f,^.   ..-..        . 

.  :^.^.  The  step$;by  which.we  fyid  the  longitude  by  this  ipe^h/o^y^ret^ijea^ : 

From  the  observed  altitudes  of  the  moon  and  the  sun  or  a  fixed  star,   and 
tjje^yo^sjf^^pjyd  ^sj^pce,  compute  the  moon'^  true  distance  .fro^^)^^, -sun  or 

From  the  NauUcql  Almanac  m\Q  \xf^  tixae  at  Greenwich  when  the  moon 
was  at  that  distance. 
Frpfp  the  aUitude^of  ^b^pup:^^(^8^  time  attjie  plwe  of  observation. ' 

Thq.difiGbrea^e  of  th^  Um^  thus  ibund,  a*^^  *be  difference  of  the  longi* 

tUctcs^  I    '{  •    -     <    f     . 

Fio.  741.  To  find  the  true  distance  of  the  moon  from  the  sun  or  star  by  obaerva* 

180.  tion,  let  Zbe  the  zenith,  S  the  apparent  place  of  the  sun  or  a  star,  s  the  true 
place,  M  the  apparent  place  of  the  moon,  m  its  true  place  j  then  in  the  triangle 
ZSMj  we  know  5Af  the  apparent  distance,  SZ^  ZMihe  complements  of  tfie 
apparent  altitudes,  to  find  the  angle  Z;  and  then  in  the  triangle  sZin^  we  know 
the  angle  Z,  and  sZj  mZ  the  complements  of  the  true  altitudes,  to  find  sm  the 
tnie  distance.     But  the  problem  may  be  otherwise  solved  thus: 


742.  By  spherical  Trigondmetiy,  ver.  sin.  z  Zsr*  x  CQs.  ZS^ZM^cw.SM 
sin.  ZS  X  sin.  ZAI 

a       COS.  Zs  —  iZwi  —  cos.    5771      u    i.    -r   i    cm^r    .     i      T^T, ^^  ,  >  ^      ^    r^-m^ 

=  ""      sin.Z.xsin.  Z^>  ^"'  '^  ^  ^^^  +  i*  Zii-ZM=.A,  i  SM -i, 

Za  —  ZM^B^  then  by  plane   Trigonometry,  cos.  Z5' —  ZA/ —  cos.  SMzz 

2  sin.   A  X  sin.  B    . — —     2  sin.^  x  sin.  B    sin.  Zm 

;  hence,  cos.  sm = cos.   Zs  -  Zt?! r-  x  -. — ttts^ 

r  '  '  r  sm.  ZM 

X  .  '  ^o'    Now  the  ninths,  f>£,  the  Requisite .  Tables  giv^s  the  arithmetic  com- 
sm*  jLjij 

plement  of  the  difference  between  the  logarithmic  sines  of  ZM  and  Zm^  in- 
creased by  120;  for  at  all  altitudes  above  25"",  this  number  is  uniformly  tlie 
difference  between  the  logarithmic  sines  of  Zs  and  ZS  for  all  celestial  objects 
not  affected  by  parallax.  At  altitudes  less  than  25^  this  uniformity  ceases,  and 
the  difference  between  the  sines  is  less  than  120  by  the  numbers  in  Table  XL 
for  a  star.     But  for  the  sun,  which  is  sensibly  affected  by  parallax,  the  differ- 


METHODS  OP  FINDING  THE  tONGlTUDK,  51:* 

eiice  between  the  sines  is  less  than  120  by  the  numbers  in  Table  X.  In  these 
cases  tlierefore  the  logarithm  in  Table  IX.  must  be  diminished  by  the  numbers 
contained  in  Tables  X,  or  XL     Hence  we  have  the  following  Rule. 

To  log.  2  add  the  log.  sines  of  A  and  U,  also  the  log.  from  the  7unth  of  the 
Requisite  Tables,  corrected  if  necessary  by  Tables  X,  or  XI.  and  reject  20  from 
the  index,  and  find  the  natural  number  corresponding,  the  difference  between 
which  and  die  natural  cosine  of  the  difference  of  the  true  zenith  distances,  gives 
the  natural  cosine  of  the  true  distance  required. 

Ex.  Suppose,  on  June  29,  1793,  the  sun's  apparent  zenith  distance  Z5  was 
observed  to  be  70*.  56'.  24",  the  moon's  apparent  zenith  distance  ZM  to  be  48*. 
S3'.  58",  their  apparent  distance  SM  to  be  103**.  29'.  27%  and  tlie  moon's  hori* 
zontal  parallax  to  be  58'.  35^ ;  to  find  their  true  distance  sm. 

By  Requisite  Table  VIII.  the  correction  Mm  for  the  moon^s  parallax  and  re* 
fraction  is  43'.  3",  and  by  Table  L  and  III.  the  correction  Ss  for  the  sun'is  pa- 
rallax and  refraction  is  2'.  36';  hence,  Z7W  =  48^  10'.  55\  and  Zs:=:70\  59'. 

ZS'-ZM  =22°.    2'.  26* 


^(^ZS^ZM)  =11.     1.  13 

^SM  =51.  44.  43 


Log.  2.     0,301030 
A  =62.  45.  56       Log.  sin.  9,948971^ 

B  =40.43.30       Log.  Sih.  9,814533 

Log-  from  Req.  Tab.  IX,  X.  9,995307 


10,059841        Nat.  Num.  1147741 
ZS'-Zm         =22.48.     5    Nat.  cos 921854 


sm       =103.     3.   18    Nat  cos.  «         -        -      ,  •  225887 


The  radius  to  the  Table  of  natural  sines  and  cosines  to  six  figures  is  1000000, 
and  the  index  to  the  log.  for  the  radius  in  the  Tables  of  log.  sines,  cosines, 
&c.  is  10;  in  this  case  therefore,  an  index  10  points  out  7  places  of  whole 
numbers,  and  consequently  an  index  9  points  out  6  places,  &c.  When  tlie 
natural  cosine  of  Zs  —  Zm  is  less  than  the  natural  number  standing  above  it,  the 
difference  gives  the  natural  cosine  of  an  arc  above  90^,  as  in  tliis  case  ;  others 
wise  the  arc  is  below  90^  In  this  metliod  there  is  no  distinction  of  cases,  and 
it  only  requires  three  logarithms  and  one  natural  cosine  to  be  taken  correspond* 
ing  to  a  given  angle^  (Hie  natural  number  conresponding  to  a  logarithm,  and  an 
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I  .-J 


4Lrc  corresponding  to  a  natural  cosine ;  Mr.  Dumthobne's  method  was  by 
natural  cosines,  and  required  only  the  same  number  of  quantities  to  be  taken ; 
but  Dr.  Maskelyni%*  h^  deduced  from  it  the  following  method  of  computing 
by  logarithms  only. 

743.  By  the  last  Article,  cos.  i7M^=rcos.  Zs—Zm— cos.  ZS—ZM^  cos.  SM 
sin.  Zm    sin.  Zs  „       r^        r^       ,       «^     ^,^    ^      sin.  Zm 


X 


;n~ — ^o  ,  A  =  cos.  h  -  cos.  A'Af  x    Q;  then  cos.  ww  =  cos.  H  -^  A.      Now 
Bin.    i&o 

co8.^m^=:^  +  ^  cos.  m^=:^+ico6.  H-^i  A  f  let  ^  ^  be  the  square  c^  the  sine 
of  an  arc/|  Bj  then  sin.  ^  £^=:|.  cos.  A  —  cos.  SM  x  Q  =s  sin.^  ^Jf +^A 
X  sin.  ^5M— ij^  H  X  Q,  hence,  the  arc  B  is  known.  But  ^  cos.  jB = ^ — sin.  |  J5* 
=  1^  —  i  -4 ;  hence,  cos.  ^  th^  =  ^  cos.  -B  +  ^  cos.  ^  =  cos.  ^  ^  +  iHx 
COS.  ^  j&—  ^  jBT.    Hence  we  have  the  following  Rule. 

Add  together,  log.  sine  of  ^  obs.  dist.  +^  di£  of  app.  si\t\  log.  sine  of 
^  obs.  dist. — ^  diff.  of  app.  alt*,  and  arith.  comp.  of  Q  taken  from  Requisite  Ta- 
bles IX.  and  X.  or  XI.  as  the  case  may  require,  and  subtract  lO  from  the  index, 
divide  the  sum  by  2,  and  you  have  the  sine  of  ^  jB. 

Add  log.  COS.  ^  ^  +  1^  diff.  of  true  alt*,  to  log.  cos.  ^  JS-^  diff.  of  true  alt'. 
tiJce  half  this  sum,  and  you  get  the  log.  cosine  of  half  the  true  distance. 

To  apply  this  to  the  last  Example^  we  have. 


*  The  last  method  giren  by  Dr.  Maskbltnb  fior  clearing  the  moon's  distance  from  the  ran  or  a 
fixed  star^  is  in  the  Supplement  to  the  Requisite  Tables,  where  the  reader  will  find  some  coosiderabk 
improrements  in  the  solution  of  this  problem. 


mxBODs  or  mnjmt^  tbz  Loyoiruoi. 


SIS 


I  Oba.  dist.    51*.  4*'.  43*1 
^.ZS-ZM   11.     1.  IS 


Sum 
Diff. 


62.  45.  56^ 
40.  43.  SO^ 


)  ^J 


log.  sine  9^94897 IS 

-    log.  sine  9,8145346 

Iiog.  from  Tab.  ix.  &  x.  9,9953070 


^Bzi     -   49M4'.  52"! 
^Zs—Zmll.  24f.     2  i 


2)19,7588129 
log.  sin.    9,87^4064 


Sum     .     60.  SB.  55 
DifTerenctf  87.  50C' 50 


\ 


f , 


coSe  9,69034)8 
COS.  '9|^914344 

^  }i:)[19,5JB77t6« 


^ii» 


^.5971=; 


51.  31.  39 


COS.  9,7938881 


I 


Hence,  the  true  disttuus  is  *  103^  3\  la^ 


■  I.I 


\-  ' 


As  we  have  tic^vr  logi^thifiic  TMfes  td  every  second  <kPthe  quadrant,  this  is  a 
considerable  imi^i^eitaent't(p^  ltfr?i>oirii^<mNE't  hile.  Theiie  is  also  no  dii. 
tinction  of  cases  in  this,  which  there  is  in  Mr.  Dukthorne's  method.  As  we 
deduce,  by  this  rule,  half  the  true  diMtpa^ffBf^it  i^^^  any  error  in  the 

seconds  will  be  donUed  in  the  true  distance ;  upon  that  account  we  were 
obliged  to  take  in  the  half  seconds,  for  if  we  ,had  not,  the  half  distance  would 
have  cojme  out  5l^  31'.  SS'V  And' ^fi^eqnentiy ^  tr(MPdiBtei«C0  would' have 
been  found  103^  3".  I^:    This  iis  atdttiiihiftt)iftd'^<^€!dte^^ 


to  in  all  the  rules  that  first  give  half  the  true  dis]^nck    '"^ 

This  last  Rule  may  be  applied  without  the  Requisite  Tables,  by  considering, 
that  the  logarithms  taken  from  Tables  IX,  X,  or  XI.  in  that  Work,  give  the 

arithxn.  complem.  of  iJBljf^L  x  ?^'  f !^  which  quantity  may  be  taken  from  the 

^  sm.  ZM    sm.  ZST 

logarithmic  Tables,  by  adding  to  the  log.  sines  of  Znt,  2$^  the  arith.  comp.  of 
the  log.  sines  oi  ZM  and  ZS^  and  subtracting  10  from  the  ind^x.  If  we  apply 
this  to  the  last  Example,  we  have. 
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Zm  =48^  10'.  55'  -     .    -  sin.  9,8723113 

ZM=48.  53.  5S  -    -    -  -    0,1228839  arith.  comp.  of  sine* 

Zs   =70.  59.     O  .     -     -  sin.  9,9756265 

Z5  =70.  56.  24  ...  -    0,0244868  arith.  comp.  of  sine. 


9,9953085 


This  differs  a  little  from  the  number  taken  from  the  Requisite  Tables,  which 
gives  only  six  figures.  It  would  indeed  lengthen  the  work  a  little  to  take  this 
quantity  from  the  logarithmic  Tables,  but  it  would  add  to  the  accuracy.  Dr. 
Maskelyne,  in  his  Preface  to  the  Tables  of  Logarithms  by  Mr.  Taylor,  has 
given  a  Kule  in  which  those  Tables  only  are  requisite  ;  and  it  is  certainly  best 
to  use  as  few  auxiliary  Tables  as  possible,  as,  by  that  means,  you  subject  the 
operation  to  fewer  probable  errors. 

744.  Dr.  Maskelyne's  Rule  for  clearing  the  moon's  apparent  distance  from 
a  star  or  the  sun  from  the  effect  of  parallax  and  refraction. 

I.  To  the  log.  sine  of  the  moon's  horizontal  parallax  add  the  log.  cosine  of 
the  moon's  apparent  altitude,  using  five  decimal  places  of  the  logarithms  ;  the 
sum,  abating  10  from  the  index,  is  the  log.  sine  of  the  moon's  parallax  in  alti- 
tude, from  which  subtract  the  moon's  refraction  taken  with  tlie  moon's  ap- 
parent altitude  out  of  Table  I.  (Requisite  Tables)  and  you  will  have  itlie  cor- 
rection of  the  moon's  altitude.  Add  this  to  the  moon's  apparent  altitiide,  and 
you  will  have  the  moon's  true  altitude.  Also,  with  the  star's  apparent  altitude 
take  the  star's  refraction  out  of  Table  L  which  subtract  from  the  star's  apparent 
altitude,  and  you  will  have  the  star's  true  altitude.  But  if  the  moon's  diiftance 
was  observed  from  the  sun,  with  the  sun's  apparent  altitude  takiethe  refriactioik 
out  of  Table  I.  and  its  parallax  out  of  Table  III.  and  take  the  diflference,  and 
subtract  it  from  the  sun's  apparent  altitude,  and  you  will  have  the  sun's  true 
altitude.  Take  the  difference  of  tlie  true  altitudes  of  the  moon  and  stary  or 
moon  and  sun,  and  the  difference  of  their  apjparent  altitudes. 

II.  Take  half  the  sum  and  half  the  difference  of  the  apparent  distance  and 
difference  of  the  apparent  altitudes. 

III.  To  the  log.  sines  of  the  above  half  sum  and  half  difference  add  the  log. 
cosines  of  the  tme  altitudes,  and  the  arithmetical  complements  of  the  log.  co- 
sines of  the  apparent  altitudes ;  and  take  half  the  sum. 

IV.  From  this  half  sum  take  the  log.  sine  of  half  the  difference  of  the  true 
altitudes,  and  look  for  the  remainder  among  the  tangents,  and  take  out 
the  corresponding  log.  cosine,  without  taking  out  the  arc,  which  is  imneces- 
sary.. 
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V.  Subtract  the  said  log.  cosine  from  the  log.  sine  of  half  the  difference  of 
the  true  altitudes  increased  by  10  in  the  index  j  the  remainder  will  be  the  log^. 
sine  of  half  the  true  distance. 

Demonstration.  Put  ZS-^ZMzzX^  Zs  —  Zm  —  Xj  D  =  SMy  d=sm;  now  fig. 
by  Art.  742.  sin.  ZiSx  sin.  ZM  :  sin.  Zsx  sin.  Zm::  cos.  X— cos.  D  :  cos.  .r—  180. 
cos.  rf,  or  ver.  sin.  rf— ver.  sin.  .r;  but  by  plane  Trigonometry,  cos.  X— cos. 

Jj=:2x  Sin.  — - —  X  sm.  — - — ^  and  ver.  sin.  rf— ver.  sin.  .r  =  2.  sin.  -^rf*  —  2  x 

^  T)  ^  Y  T% V 

sin,'  i  iT*  >  hence,  sin.  ZS  x  sin.  ZM  :  sin.  Zs  x  sin.  Zjn ::  sin. x  sin. 

-. — r— ..     ^, — J — ^  -    Sin.  2iS  X  sm.  Zm  x  sm. — -— -  x  sm.  ^ 

:  siH.  ^  rf  —  sin.  ^  07%  consequently  ^___^^___ 2 2 

sin.  Z*S'  X  sin.  ZAI  x  sin.  ^  a:  * 


'»  i» 


sm.  i  d  , .  ,  , 

=  »      ,     >—  1,  which  put  =  tao.  a* ;  hence,  tan.  a= 
sm.  ^0?  


y/sin.  Zi  X  sin.  Zm  x  sin.   ,-i —  x  sin.  - 


y/  sin.  ZS  X  sin.  ZJIf  x  sin;  ^  a;. 


2 

}  but 


in.  ^  d*=:sin.  ^  0?*  X  1  +tan.  a*  =sin.  i  a^  x  sec.  a*  j  consequently  siiu  ^  rf  =i 


sin 


,                      sin.  i  i:^ 
sm.  i  ax  sec.  a= ^ — 


COS.  a 


^  •  f 


Sl» 


EXAMPLE. 

Let  Hie  apparent  al&iude  §/*  D  '*  center  be  S^.  17^,  that  qfQ  84°.  7',  and  their 
parent  distance  9Cf.  2l\  13 ,  and  3  's  horizontal paralkuc  61'.  48'";  required  Ae 


apparent 

true  distance  qfQ  and  9  • 

]>  's  horizontal  parallax     • 
^  's  apparent  altitude     • 

j>  *s  parallax  in  altitude     - 
>  's  refraction  from  Tab.  I. 

Correct,  of  ]>  's  altitude    • 
.  >  >  apjparent  altitude 

•    •  •  *■ 
i  '*s  (rue  altitude 

O  *s  a]pparent  altitude 


8,2^469 
9,99815 


1^    1'.  48"  Log.  sine 

S.  17*    O  Log.  cosine 

1.     1.  32  Log.  sine         ^         .     8.25284 

^     9.  28  '     '■'    ^'""-    '        •'-" 


Difilof] 


and  parallax    «*     (k    S 


V  0  '6  true  altitude 
,  >  's  true  altitude 

DiSi  of  true  alt',  of  0  and  ]> 

-       ;     ■  ■■■;      -41 

0  *a  i^iparent  akitudfe        * 

>  '8  apparent  altitude 

Diff.  of  app.  ah*,  of  0  and  > 
Apparent  diatance 

Sum        •        .        .        • 

Difference-       •        *        • 
Halfsum         .         •         .• 
Half  difierence 
]>  's  apparent  altitude 

>  's  true  altitude 

0  's  apparent  altitude 
0  's  true  altitude 


+ 

5. 

52. 

17. 

4 
0 

6. 

9. 

4 

84. 

7. 

0 

5! 

84. 
6. 

6. 
9. 

55 

4 

77. 

57. 

51 

84. 
5. 

7. 
17. 

6 
0 

78. 
90. 

SO. 
21. 

0 

IS 

*ivt    ..l-'^V^     ■■•'      **^ 


(11  ;o 

'.;='  ill   icrl'   "./(I  ■  •h'^i-  ^'■ 

* 


169.  11.  13 

11.  31.  13 

84.  35.  36 

5.  45.  36 

5.  17.  0 

6.  9.  4 
84.  7.  O 
84.  6.  55 


Log.  sine     .     . 
Log.  sine     -     - 
Co-ar»  log.  cosine 
Log.  cosine 
Cp-ar.  log.  cosine) 
Log.  cosme 


i  Diff.  of  true  alt',  of  i  and0    38.  58.  55    Log.  sine 


•     9^80635 

-  9»OOI5681 
>     0,0018490 

9,9974924 

-  0,9892626 
9,0108395 

2)38^9990751 

19^4995375 

-  9,7987027 


Log*  tang,  of  arc     -     9^7008348 
Corresp.  log.  cosine      9,9511.707 


Half  true  distance 


True  distance 


44.  44.  36J  I^ogi  sine     r 
2 


9,8475390 


89.  29.   IS 
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.    745.  The  true,  distance  of  the  moon  from  the  sun  or  star  being  thus  found, 
we  are  next  to  find  the  time  at  Greenwich.     For  this  purpose,  the  sun  or  such 
£xed  stars  are  chosen,  as  lie  in  or  very  near  the  moon's  way,  so  that  looking 
upon  the  moon's  motion  to  be  uniform  for  a  small  time,  the  moon  may  be  con- 
sidered as  approaching  to,  or  receding  from  the  sun  or  star  uniformly.     To  de* 
termine  therefore  the  time  at  Greenwich  corresponding  to  any  given  true  dis- 
tance of  the  moon  from  the  sun  or  star,  the  true  -distance  is  computed  in  the 
Nautical  Almanac  for  every  three  hours  for  the  meridian  of  Greenwich.  Hence, 
considering  that  distance  as  varying  uniformly,  the  time  corresponding  to  any 
other  distance  may  be  thus  computed.     Look  into  the  Nautical  Almanac  and 
take  out  two  distances,  one  next  greater  and  the  other  next  less  than  the  true 
distance  deduced  firom  observation,  and  the  difference  Z)  of  these  distances 
gives  the  access  of  the  moon  to,  or  secessi£:om  the  sun  or  star  in  three  hours ; 
then  take  the  difference  d  between  the  moon's  distance  at  the  beginning  of  that 
interval  and  the  true  distance  deduced  from  observation ;  and  tlien  say;  D  :  d 
:;  3  hours  :  the  time  the  moon  ia^acceding  to,  or  receding  from  th'b  suA  or  star 
by  the  quantity  d;  which  added  tp  the  time  at  the  beginning  of  the  ipterval, 
gives  the  apparent  time  at  Greenwich,  corresponding  to  the  given  true  distance 
of  the  mooa  from  the  sun  or  star.     To  find  the  fourth  term  in  the  above  pro- 
.  portion,  there  is,  in  the  Requisite  Tables,  a  Table  of  proportional  logarithms, 
where  the  log.  of  3  hours  is  made  =:  O,  and  therefi3re  the  log.  of  the  fourth  term 
^  is  found  by  subtraction  only.    TThe  same  Table  will  serve,  if  one  of  ihe  terms 
be  three  degrees  instead  of  three  hours. 


..^J?! 


Ex.  Chi  June  29,  1793,  in  latitude  S2\  12'.  35"  the  sun's  altitude  in  the 
morning  was  by  observation  1 9^  3'.  36^,  tbe  moon's  altitude  was  observed  to 
be  4r.  6'.  2^,  the  sun's  declination  at  that  time  was  23^  14'.  4",  and  the  mooa*s 
horizontal  parallax  58''.  35';  to  find  the  apparent  time  at  Greenwich. 

True  dist  of  <i  from  ©by  Art  742        -         -         103^    3'.  18* 

by  Naut.  Aim.  on  June  29,  at  Sh.    -    103.     4.  58 

— ^ at  6h.     -    101.  26.  42 


0.  1.  40  pr.  log.  2,0334 

1.  38.  16  pr.  log.  0,2629 


Time  of  approaching  oP.  1'.  40"        -        -        -        O.    S.    S  pr.  log.  1,7705 
BeginniDg  of  the  interval        -        -        -        •        s*.  0.    0  ■  ' 

Apparent  tiitte  at  Greenwich^  June  39,    --     -    S.    s.    S 

8  < 

.     .     .        I    *  -  .  '        ?•.*    ^    4 


^20 
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746.  Now  to  find  the  apparent  time  at  the  place  of  observation,  weliavc 
the  sun's  declination  23^  14'.  4%  its  altitude  19^  3'.  S6%  its  refraction  9!.  44% 
and  parallax  8" ;  hence  its  true  altitude  was  19^  l',  and  therefore  its  true  zenith 
iiistance  was  70^  59' ;  also,  the  complement  of  declination  was  66*.  45^.  56* ; 
hence,  by  Art.  92. 


66°.  45'.  56" 
37.  47.  25 
70.  56.  24 

175.  29.  4^ 


arith.  comp.  sin.  0,0867325 
arith.  comp.  sin.  0,2127004 


,1 . 


:.     I'P        » 


«■ 


87. '44.  52 
70..  56.  24 

1      1 

.  l§.  48.  2a  . 


till.  9,9996644 


■    ;  '       t   ■    .  .  1 


I  1 1 


w      ,   :    sim  t9,4601408 

■.■■m     II     iljl.lfi       I' 

'  2)19,7092381 


tm^-^trnt 


I        i, 


>P    .  ' 


,  I 


9^8546180  the  cosme 
of  44^  1 8'.  53",  which  doubled  gives  88''.  37'.  44"  tlie  hour  angle  firom  appatrat 
noon,  which  in  time  gives  5/i.  54'.  31"  tlie  time  before  apparent  noon,  or  ISA. 
5'.  29"  on  June  28.     Hence, 

I  V 

m 

Apparent  time  at  place  of  observ.  June  28,    -     l8/i,   5^-  29* 
'       ■     ■  at  Greenwich    -    June  29,    -       2.     3.     3 


•Difference  of  meridifitts  in  time 


8.  57.  34 


Wliicli  converted  into  degrees  gives  134°.  23'.  30"  the  longitude  of  the  place 
of  observation  west  of  Greenwich. 


If  a  star  be  obseiTed,  fiud  the  time  by  Art.  106.  The. sun's  declination  is 
first  taken  from  the  Naiitipal  Almanac^  and  then  corrected  by  Req.. Tab.  VL 
If  a  star  be  observed,  tak,e.its  jdeclination  froni  Requisite  Table  yil.  The  lon- 
gitude being  nearly  known  by  account,  will  be  3Uffiqently  exact  to  enter  Table 

VI.  with.  ...  ,  i  , 

747.  In  order  to  apply  this  method  of  finding  the  longitude,  three  observers 
are  convenient,  two  to  take  the  altitudes  of  the  moon  and  sun  or  a  star,  and  one 
to  take  their  distance  j  tlic  latter  must  be  taken  with  great  care,  as  the  deter- 
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mination  of  the  trae  distance  depends  principally  upon  that,  a  srrtaii  error  in 
the  altitudes  not  sensibly  affecting  it.  If  a  single  observer  sfaoid'd  want  fo  ap- 
ply tliis  method,  he  may  do  it  with  a  very  considerable  degree  of  accuracy  in 
the  following  manner.  I>t  him  first  take  the  altitude  of  the  moon  and  then 
of  the  sun  or  star,  his  assistant  noting  the  times ;  then  let  him  take  several  dis- 
tances of  the  moon  firom  the  sun  or  star  at  one  or  two  minutes  distance  of  time 
from  each  other,  and  note  the  times ;  and  lastly,  let  liim  again  take  the  altitude 
of  the  moon  and  then  a£  the  sun  or- star,  netting  the  tiines.  ^  Then  taking  the 
mean  of  all  the  distances,  and  the  mean  of  tlie  times  when  they  were  taken,  he 
will  have  the  moon's  distance  from  the  sun  or  star  at  that  mean^  time.  Take  the 
difference  of  tlie  moon's  altitudes  at  the  two  observations,  and  the  difference 
of  the  times,  and  then  say,  as  that  difference  of  times,  is  to  the  difference  be- 
tween the  time  of  the  first  observation  of  its  altitude  and  the'  mean  of  the 
times  at  which  the  distances  were  taken,  so  is  the  variation  of  the  moon's  alti- 
tude between  the  first  and  second  observations,  to  the  variation  of  its  altitude 
from  the  time  of  the^  first  observation  to  the  above  mean  time,  which  added  to 
or  subtracted  firom  its  first  observed  altitude,  according  as  the  moon  ascends  or 
descends,  gives  its  altitude  at  that  mean  time.  In  the  same  manner  he  may 
get  die  sun's  ch*- star's  altitude  at  the  same  time.  Thus  he  may  get  the  two 
altitudes  and  the  corresponding  distance. 

748.  In  general,  the  altitudes  of  the  stars  at  sea  are  too  uncertain  for  finding 
the  time;  they  may  do  in  a  fine  summer's  night,  or  in  twilight ;  and  if  the  sun 
be  used,  it  may  be  so  near  the  meridian,  or  the  horizon  may  be  so  hazy  and  ill- 
defined,  that  the  altitude  cannot  be  determined  with  sufficient  accuracy  to  de- 
duce the  time  from  it,  although  it  may  be  sufficiently  exact  to  calculate  their 
true  distance.  In  tliis  case,  the  observer  must  be  careful  to  find  the  error  of  his 
watch  by  some  altitude  taken  near  to  the  time  of  observation,  by  which  he  may 
correct  the  time  shown  by  the  watch  at  the  time  of  observation.  But  as,  in 
tliis  case,  the  watch  shows  the  time  at  the  meridian  under  which  the  altitude  of 
the  sun  or  star  was  taken  in  order  to  correct  it,  the  longitude  thus  found  is  that 
under  which  the  watch  was  regulated,  and  not  that  where  the  distance  of  the 
moon  from  the  sun  or  star  was  observed.  If  the  watch  cannot  be  depended 
upon  to  keep  time  tolerably  well  for  a  small  interval,  die  error  of  tlie  watch 
must  be  found  at  two  observations,  from  which  you  get  its  rate  of  going ;  by 
this  means  you  may  determine  the  time  very  accurately.  If  this  be  done  at 
sea,  the  altitude  at  the  second  observation  must  be  reduced  to  the  altitude  at 
*  tliat  time  at  the  place  of  the  first  observation ;  the  method  of  doing  which  is  as 
follows.  Let  T  be  the  place  on  the  earth  to  which  the  sun  was  vertical  at  the  ''®» 
first  observation,  Z  the  place  of  a  spectator  at  the  first  observation,  ZV  or  ZV  ^®^* 
the  distance  run  between  the  observations,  tlien  TV  or  TV  would  have  been 
the  zenith  distance  at  the  first  observation,  if  it  had  been  made  at  the  place 
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ustment,  or  from  a  bad  habit  of  estimating  tho  contact  of  the  star  wilh  the 
moon's  Umby  operating  different  ways,  their  effect,  if  any,  must  be  sensible  in 
the  result  But  in  all  the  double  longitudes  thus  determined,  the  difference 
was  so  small  as  to  warrant  him  to  say,  that  by  good  instruments  and  careful 
observers,  these  errors  may  be  so  far  reduced  as  to  be  of  very  little  con- 
sequence ;  and  all  the  observations  which  have  been  made  since,  agree  in 
confirming  it ;  and  show  that  the  longitude  thus  deduced  may  be  determined 
to  a  very  great  degree  of  accuracy,  apd  fiilly  sufficient  &x  all  nautical  pur- 
poses. 

751.  At  sea,  tlie  moon  and  sun  or  star's  altitude  must  be  corrected  for  the 
dip  of  the  horizon,  by  subtracting  the  dip ;  for  the  observer  being  on  tlie  deck 
of  the  ship  must  see  below  his  own  horizon,  and  the  altitudes  are  taken  above 
his  visible  horizon.  The  following  Table  gives  the  dip  corresponding  to  the 
observer's  height. 


Height 

Dip. 

Height. 

Dip. 

Height. 

Dip. 

1 

Of.  57" 

13 

3'.  26' 

26 

4'.  52" 

2 

1.  21 

14 

3.  34 

28 

5.  is 

S 

1.  39 

15 

3.  42 

30 

5.  14 

4 

1.  55 

16 

3.  49 

35 

5.  39 

S 

3.  8 

17 

3.  56 

40 

6.  2 

6 

2.  2p 

18 

4.  3 

45 

6.  24 

7 

2.  31 

19 

4.  10 

50 

6.  44 

8 

2.  42 

20 

4.  16 

60 

7.  23 

9 

2.  52 

21 

4.  22 

70 

7.  59 

10 

3.   1 

22 

4.  28 

80 

8.  32 

11 

3.  10 

23 

4.  34 

90. 

9.  d 

12 

3.  18 

24 

4.  40 

100 

9.  33 

752.  The  moon's  true  distance  from  the  sun  or  a  fixed  fitar  as  put  down  in 
the  Nautical  Almanac j  is  thus  calculated.  Let  Z  be  the  pole  of  the  ecliptic,  s 
the  true  place  of  the  stoTj  m  the  true  place  of  the  moon  ;  then  ^^,  Zm  are  the 
complements  of  latitudes,  and  the  angle  Z  the  d^jSTerence  of  their  longitudes  ; 
draw  5/ perpendicular  to  Zm.;  and  by  spher.  Trig.  log.  tan.  Zt  z:\og.  cos.  Z  +  log. 
tan.  Zs—  lO,  and  log.  cos.  jm = log.  cos.  Z^+log.  Cos^  /m  +  ari.tb..comp.  log.  cos. 
Z/- 10.  If  ^  be  tlie  Sm^  ZJ=9(f;  hence,  rad«  x  cos.  ^?:cps.  Zx  sin.  Zw, 
or  log.  cos.  Z+log.  sin.  Zw*-JO,=log.  cos.  sm.  IfZhe  tbe  pole  of  the  equator, 
then  Zs,  Zm  will  be  tlie  complements  of  declination,  and  tlie  angle  Z  the  dif- 
ference of  right  ascensions. 


FIG. 

180* 
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Ex.  I.  To  find  the  moon's  distance  from  the  sun,  on  August  24,  1796^  at 
apparent  noon  at  Greenwich. 

The  sun's  longitude  at  the  given  time  is  S\  1°.  53'.  58",  the  moon's  longitude 
is  1'.  13®.  50'.  53\  the  diflference  of  which  is  108^  5'.  5'  the  angle  sZm  ;  also,, 
the  moon's  latitude  is  4^  13'.  51";  hence,  ^m  =  85^.  46'.  9". 

Log.  cos.  Z=  108*.    5\  3^      -^         •         9,4919538 
Log.  sin.  Ztw  =  85.    46.9         -         -       9,9988149 

Log.  COS.  5m  =108.     2.  1        -        -      9,4907687 


1^. 


Ex.  II.  Let  the  right  ascension  of  a  star  be  2'.  7°.  2'.  25",  and  north  decU* 
nation  5^.  28'.  40%  also  the  right  ascension  of  the  moon  O'.  1 1^  54'.  4%  and 
south  declination  3°.  22'.  32" ;  to  find  the  moon's  distance  firom  the  star. 

In  this  case,  Z  represents  the  pole  of  the  equator,  aud  the  difference  of  right 
ascensions  is  SS"".  8'.  21'= the  angle  Z,  also  Zs  =  84°.  31'.  20',  and  Z>»=93''.. 
22'.  32"  J  hence. 

Log.  cos.         ^        •         .       SS"".    8'*  21     -     -      -       9^7570809 
Log.  tan.      ...  84.  31.  20     -      •      .     11,0181922 


Log.  tan.  Z^      -          -         =80.28.33     -      -      .     10,7752731 
Zm       -         -       =93.  22.  32  . 


Log.  cos.  fm      -         -  =12.  53.  59      -      -      -      9,9888987 

Log.  COS.  Z?         .         .        =84.  31.  20     -      -       .       8,9798200 
Arith.  comp.  log.  COS.  Zf     =80.  28.  33     -      -       -      0,7812975 


Log.  COS.  sm        -         -       —55.  46.  50      ...     .    9,7500162 


Thus  the  moon's  true  distance  from  the  sun  or  a  fixed  jstar  may  be  calculated 
for  every  three  hours,  as  given  in  the  Nautical  Almanac. 
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To  find  the  Difference  of  the  Longitudes  of  two  Places^  by  the  observed  Transit^ 
qf  ilie  Moon  and  a  fixed  Star  over  the  Meridian  at  each  Place. 

753.  This  method  of  finding  the  longitude  was  proposed  by  Dr.  Maskelyne 
in  the  Nautical  Ahnanac  for  1769.     It  is  extremely  easy  in  practice,  and  ca- 
pable of  great  accuracy.     Tlie  Rule  is  thus  investigated.     Let  P  be  the  pole     fig. 
of  the  earth  iZQ,  PG  a  meridian  of  Greenwich  passing  through  the  moon  at  My     1^2. 
PD  the  meridian  of  any  other  place,  and  when  it  comes  into  the  situation  Pd 
let  it  pass  through  the  moon  at  m*     At  each  transit,  observe  tlie  differences 
MPSy  mPSy  between  the  right  ascensions  of  the  moon  and  a  fixed  star  Sy  the 
difference  of  which  is  the  angle  MPniy  or  the  increase  of  the  moon's  right  as- 
cension in  the  interval  of  the  transits.     From  the  Nautical  AlmanaCy  find  the 
increase  (^i)  of  the  moon's  right  ascension  in  12  hours  apparent  time,  and  re- 
duce it  into  mean  time  thus;  let  a  =  the  variation  of  Uie  equation  of  time  in  12 
hours,  then  1 2  hours  apparent  time  is  I2h.±a  of  mean  time,  where  the  sign  + 
is  used  if  the  equation  be  increasing  and  additive j  or  decreasing  and  subtractive; 
and  the  sign  — ,  when  increasing  and  subtractivcy  or  dea^easing  and  additive. 
Now  A  :  Mpm::  I2h.±a  :  x  the  angle  (expressed  in  mean  time)  described  by 
a  meridian  of  the  earth  in  the  time  the  moon  describes  Mpm;  hence,  a:  x  3^61  = 
the  angle  DPm  of  longitude  described  by  a  meridian  in  that  time,  because  in 
12  hours  mean  time  the  earth  revolves  through  ISO^xfSI  of  longitude,  very 
nearly.     Consequently  the  difference  UPG  of  the  meridians  =.r  xigy  — ilf/wi. 

If  the  places  do  not  differ  much  in  longitude,  .rx7lf=^  + sufficiently 
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near ;  in  this  case  also,  the  apparent  may  be  used  for  the  mean  time. 

Ex.  On  June  13,  1791,  tlie  following  observations  of  the  passage  of  the  moon 
and  a  Serpentis  were  made  at  Greenwich  and  Dublin  Observatories. 


AT  DUBLIN, 


Right  ascension  of  d  's  first  limb         -         -  15\   6'.  12",49 
1 a  Serpentis        -        -        •     15.  33.  36,91 


27.  24,42 

Daily  rate  of  clock,-.  le^SS        -        -        •        -        +0,32 

27.  24,74 
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AT  OEEENWICH. 

A.R^h^s  first  limb  15\  i.    S\S2  at  9"*  S6'  apparent  time* 
A.R.  of  aSerpentis  15.  SS.  34,  70 


28.  31,18 
21.  24,74 


Difference    .    -    •         l.    6,44=:16'.  36^,6  in  space* 


As  the  places  do  not  differ  much  in  longitude,  it  is  unnecessary  to  reduce 
appareni!  to  mean  time. 

This  difference  1 6^.  3^'fi  is  the  increase  of  the  moon's  right  ascension  in  the 
interval  of  its  passages  over  the  meridians  at  Greenwich  and  Dublin  Observato- 
ries. By  the  Nautical  Almanac^  we  find  the  following  differences  of  the  right 
ascensions  of  the  same  limb  of  the  moon,  and  the  star,  about  the  same  time ; 

Difference. 
June  12,  midnight    -    213°.  15*  ^  7®  23' 

13,  noon    -     -    220.  38         *         *         *         7*33 

13,  midnight    -    228.  11  *  "  \  7'  42 

14,  noon    -     -    235.  53         "         "         * 
14,  midnight    -  .243.  43  *         "         * 


7.  SO 


If  the  plKces  differ  much  in  longitude,  the  motion  in  right  asceosion  should 
be  calculated  to  seconds. 

Tlie  second  differences  are  always  sufficiently  Uniform,  that  we  may  take  7*. 
37,5,  the  middle  of  the  'first  differences,  for  the  rate  of  increase  for  12  lilbuB 
at  the  middle  time.     Hence,  7^  37,5  :  16'.  36^6::  12/i.  ;  a?=1568",418,  and 

4?  +  = 26'.  1 2",77,  consequently  the  difference  of  the  longitudes  is  26'. 
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12'',77—  1'.  6*j44  =  25'.  6%33.  Dr.  Brinkley  was  so  good  as  to  fiivour  me  with 
this ;  and  he  further  observes,  that  when  the  two  places  differ  much  in  longi- 
tude,  an  allowance  ought  to  be  made  for  the'  change  of  the  moon*s  semidiame- 
ter  in  the  interval  of  the  passages  arising  from  its  change  of'distance,  and  also 
for  the  change  of  semidiameter  in  right  ascension  from  its  change  of  dediiuu 
ion.  He  very  strongly  recommends  this  method,  as  being  extremely  easy  in 
practice,  and  capable  of  great  accuracy,  far  beyond  that  from  the  eclipses  of 
Jupiter's  satellites. 
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To  find  the  Difference  of  the  Longitudes  of  two  Places^  Jrom  the  OccuUaHon  qf  a 

fixed  Star  by  Hie  Moon. 

754.  The  principal  part  of  the  calculation  is  made  by  the  following  Rule^ 
given  by  Dr.  Maskelyne,  for  finding  the  true  longitude  and  latitude  of  the 
point  of  occultation  in  the  moon's  limb. 

I.  Find  the  angle  between  the  parallels  to  the  ecliptic  and  equator  passing 
through  the  star,  by  saying,  cos.  star's  latitude  :  cos.  of  its  right  ascension : : 
sine  of  the  obliquity  of  the  ecliptic  :  sine  of  the  angle  between  the  parallels* 
This  may  also  be  found  by  Table  XXVII.  and  XXVIII.  at  the  end  of  Volume 
the  second. 

II.  From  9  signs  to  S  signs  of  the  right  ascension  of  the  star,  in  a  place  of 
north  latitude,  the  parallel  to  the  ecliptic  ascends  above  the  parallel  to  the 
equator ;  but  from  3  signs  to  9  signs,  it  descends  below  the  same.  The  contrary 
for  a  place  of  south  latitude. 

III.  If  the  parallel  to  the  ecliptic  ascend  above  the  parallel  to  the  equator, 
subtract  the  angle  just  found  from  90® ;  but  if  it  descend  belotVy  add  it  to  90®^ 
and  you  will  have  the  angle  between  the  meridian  passing  through  the  star  and 
the  parallel  to  the  ecliptic. 

IV.  Subtract  the  right  ascension  of  the  star  from  that  of  the  meridian  of  the 
place,  or  the  right  ascension  of  the  meridian  from  that  of  the  star,  borrowing 
360®  if  necessary,  so  that  the  remainder  may  be  under  180°,  and  you  will  have 
the  horary  angle  of  the  star,  which  will  be  east  or  west,  according  as  the  right 
ascension  of  the  meridian  was  subtracted  from  that  of  the  star,  or  the  right  as- 
cension of  the  star  subtracted  from  that  of  the  meridian, 

V.  Witli  this  angle,  and  the  star's  declination  and  latitude  of  the  place  (cor- 
rected for  the  spheroidical  figure  of  the  earth,)  compute  the  star's  altitude,  and 
the  angle  of  position  at  the  star.  •    ^^ 

VI.  If  the  star  be  east  of  the  m^eridian,  add  tlie  angle  of  positioato  the  angle 
between  the  meridian  and  parallel  to  the  ecliptic,  but  if  the  star  be  to  the  west 
of  the  meridian^  subtract  the  former  from  the  latter,  borrowing  360®  if  neces- 
sary,  and  you  have  the  angle  between  the  vertical  circTi^  and  the  parallel  to  the 

ecliptic.  :    .  ;  1  '  > 

VII.  To  the  sine  of  the  moop's  equatorial  parallax  (corrected  for  the  sphe- 
roidical figure  of  the  earth)  add  the  cosine  of  the  star's  altitude  and  the  sine 
©f  the  angle  between  the  vertical  circle  and  the  piarallel  to  the  ecliptic,  and 
the  sum,  rejecting  20  from  the  index,  is  the  sine  of  the  principal  part  of  the- 
parallax  in  latitude.    Tliis  must  be  added  to  the  star's  latitude,  if  of  the  same 
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denomination  with  the  latitude  of  the  place,  but  subtractedj  if  of  a  contrary 
denomination,  unless  the  angle  between  the  vertical  circle  and  the  parallel  to 
the  ecliptic  is  greater  than  1 80**,  when  it  must  be  applied  in  a  contrary  manner, 
to  obtain  the  true  latitude  nearly  of  the  point  of  tlie  moon^s  limb  at  which  the 
occultation  happens.  This  is  to  be  corrected  by  a  small  quantity  found 
hereafter. 

VIII.  To  the  sine  of  the  moon's  equatorial  parallax  (corrected  as  before) 
add  the  cosine  of  the  star's  altitude,  the  cosine  of  the  angle  between  the  ver- 
tical  circle  and  the  parallel  to  the  ecliptic  and  the  arithmetical  complement  of 
the  cosine  of  the  latitude  of  the  true  point  of  occultation,  found  nearly  in  the 
last  Article,  and  die  sum,  rejecting  20  from  the  index,  is  the  sine  of  the  paral- 
lax in  longitude. 

IX.  To  the  constant  logarithm  4,7124  add  twice  the  sine  of  the  parallax  in 
longitude  and  the  sine  of  twice  the  true  latitude  of  the  point  of  occultation 
found  nearly,  and  the  sum,  rejecting  SO  from  the  index,  is  the  logarithm  of  a 
number  of  seconds,  which  subtracted  from  tlie  true  latitude  of  the  point  of 
occultation  of  the  moon's  limb  found  nearly  by  Art  VII.  gives  the  true 
latitude  of  that  point  correctly. 

X.  If  the  angle  between  the  vertical  circle  and  the  parallel  to  the  ecliptic  be 
more  than  270®  or  less  than  90**,  add  the  parallax  of  longitude  to  the  longitude 
of  the  star ;  but  if  that  angle  be  more  than  90°  and  less  than  270°,  subtract  the 
parallax  in  longitude  from  the  longitude  of  the  star,  and  you  will  have  the 
true  longitude  of  the  point  of  the  moon's  Umb  where  the  star  immerges  or 
emerges. 

FIG.         Demonstration.     Let   t  C  be  the  ecliptic,  t  iST  the  equator,  S  the  star,  Z 
183.     the  zenith,  P  the  pole  of  the  equator,  j)  the  pole  of  the  ecliptic,  and  draw  the 

great  circles  PSA^  PZB^  pSvy  ZSHj  and  Sm^  Sn  perpendicular  to  pS  and  PS 

respectively.     Then  by  Trig.  Art.  212. 

Cos.  T  zA  :  sin.  v  : :  cos.  t  A    :  rad. 
Cos.  t;*?       :  rad.    ::cos.  t^-4  :  sin.  zSv 


.•.  Cos.  i;*S'       :  sin.  t  : :  cos.  t   A  ;  sin.  zSvj  or  nSm^ 

which  proves  the  first  proportion  of  the  Rule ;  and  by  taking  the  star  in  all  pos- 
sible situations,  the  second  and  third  articles  are  found  to  be  true. 

As  PSn  =  90\  9QP±mSn  =  PSm^  according  to  the  cases  in  the  Rule. 

Also  or  Br^  <rA=:  AB  the  measure  of  the  angle  ZPS. 
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Wkh  ZPS,  PS  and  PZy  compute  Z5,  and  ZSP  which  is  here  called  the 
angle  of  position,  but  it  iis  not  the  angle  generally  understood  under  this  appel- 
lation, as  defined  in  Art.  53. 

Next,  PSm  ±  ZSP  =  ZSm^  which  will  be  found  to  agree  with  the  Rule  in 
tlie  different  cases,  as  there  stated. 

Let  p  be  the  north  or  south  pole  of  the  ecliptic,  according  as  the  place 
is  in  tiorth  oc  sputh  latitude  (no  matter  whether  p  be  elevated  above  the 
horizon  or  not),  S  the  star  touching  the  moon's  limb,  Sx  the  parallax  ia 
altitude  of  that  part  of  the  moon's  limb,  then  Spx  is  the  parallax  in  Ion- 
gitudcj  and  pS  —  pjc  the  parallax  in  latittide.  Draw  or  a  portion  of  a 
parallel  to  the  ecliptic  ;  and  jcs  a,  portion  of  a  great  circle  perpendicular  ta  Sp  ; 
then  the  true  latitude  s  (a  point  of  the  moon's  limb)  =  jsr  =  zSr^rjs,zzzS^±Ss 

—  r$=zzS±  Sjc  X  cos.  xSs--  -^^   >    <^:r  rbfecatise  ZSm:^90'''±TSs)  tl^±l£t:x 
sin.  ZSm — ;  if  therefore*  from  this  we  subtract  zS^   thd'appaffenttati- 

2  tan.  xp  .-      :    .1  ..       ;\  ..  I  «-    ;.•  i'l  '';<;  • 

tude  of  the  point  S,  of  the  moon's  limb,  we  have  the  par^lax  in  latitu^*.  *=  ± 

Sx  X  sin.  ZSm — ;  but  if  Anthehorizontdl^barallaxMfltfie  fcodn,  then 

2  tan.  ^/?  ,  ,    .  f    .T',      1. 

(154)  aSt  = /i  X  sin.  star's  app.  zenith  dist. ;.  therefore  the  first  and  principal 
part  =±A  X  sin.  star's  app.  zenith  dist.  x  sin,  ZSm^  where  the  sign  is  -for— , 
according  as  the  latitude  of  tlie  place  is  north  or  south,  except  ZSm  is  more 
than  180%  when  it  becomes  of  a  contrary  denomination,  that  is,-  in  north  lati- 
tude, and  +  in  south  latitude.  Having  gotten  the  true  latitude  nearly,  before 
we  find  the  second  part  of  the  parallax  in  latitude,  we  will  find  the  parallax  in 
longitude. 

Rad.  :  sin.  ZS::  sin.  h  :  sin.  5lr  (154) 

Rad.  :  sin.  xSr  (cos.  ZSm):: sin.  5^*  :  sui^  xr  , 

Cos.  rv  :  rad. ::  sin.  xr  :  sin.  apS 

.•.  Rad.  X  COS.  rv  :  sin.  Z^'  x  cos^  ZS7n : :  sin.  h  :  sin.  apS^ 

1-  •  o    sin.  ZS  X  COS.  ZSm  x  sin.  h  .i  ^  ^.  ^^  ^n  .^^  _^    n  ,  •     / 

hence,  sin.  .rp-y— = tne  sine  ot  the  parallax  m  /ow^/- 

^  rad.  X  COS.  rv  ^  o 

tude  J  agreeing  with  the  Rule.  Tliis  parallax  will  be +  ,  that  is,  easterly,  or  —  , 
that  is;  westerly,  according  as  ZSm  is  acute  or  obtuse,  reckoning  those  angles 
acute  which  are  from  270''  to  90%  and  those  obtuse  Vliich  are  from  90®  to  270% 
Now  to  find  the  second  part  of  the  parallax  in  latitude,  we  may  further  re- 
duce the  expression  thus  :  «t5=:^^"'    p    x  i  .  xp   ^^^  ^^^^       _ — .  x  sm.  op 

*  rad-  ^  COS.  Tn       ' 


rad.  ^         cos.  op 

♦  See  the  Note  to  Ex.  Art.  164. 
VOL.  I.  SY 
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•  ,,  .  J        .         sin,  jypS*      .  sin.  a^pS*  *    •_    

hence,  tins  second  part  = ^V;  x  sin.  op  x  cos.  a:pzz  ^ v-^  x  sin.  rr 

'  ^  2  X  rad.^  ^  ^         2  x  rad.^ 

X  cos.  ir=s  —  ^H1l£^--.  X  sin.  2fvr;  and  to  reduce  this  to  seconds  of  a  degree, 

4  X  rad.' 

we  have  206264'',8  the  seconds  in  an  arc  equal  to  tadius  ;  hence,  rad.  =r  1  :  — 


■■  Mt 


sin.  xpS*        .      ^     . .  nri/>o/- r"         ri  tfc^"     sin.  ^^S**  X  siu.  2tr     •    ,    .i,^  i  ^ 
±--t-%  xsm.  2tr::  206265   :  —51566  x  ■  ■   ■  ^  ■      .  ^ ;    but  the  log^ 

4  X  rad.^  rad.^  ° 

of  51566  is  4,7124,  and  xpS  is  the  parallax  in  longitude ;  this  therefore  proves 
the  truth  of  the  Rule  for  the  second  part  of  the  parallax  in  latitude.  This  is 
always  of  a  contrary  denomination  to  the  moon's  latitude. 

755.  This  calculation  being  mad^,  we  very  readily  find  the  diiference  of  die 
longitudes  of  two  places  by  the  £>Uowing  Rule. 

I.  From  the  meridian  observations  of  tlie  moon,  compute  its  true  latitude 
and  longitude,  and  compare  it  with  the  latitude  and  longitude  computed  from 
the  Tables  (which  may  be  taken  from  the  Nautical  Almanac)^  and  we  get  the 
error  of  the  Tables  in  latitude  and  longitude. 

II.  Compute,  by  the  above  Rule,  the  true  latitude  and  longitude  of  the 
point  of  the  moon's  limb  where  the  occultation  takes  place. 

PiGr  III.  Take  the  difference  CP  of  the  latitudes  of  the  point  <^  occtdtation  and 

^  ^**      the  moon's  center,  and  knowing  Cs  the  moon's  semidiameter,  we  Imve  log.  sF 

=log.  ^a*-CP*=ii  X  log.  Cs  +  CP  -log.  Cs^^. 

IV.  Find  the  value  of  sP  in  longitude,  by  dividing  it  (108)  by  the  cosine  of 
the  star's  latitude,  and  we  get  the  true  difference  of  longitudes  of  the  moon  and 
star,  which  difference  applied  to  the  true  longitude  of  the  star,  gives  the  true 
longitude  of  the  moon's  center  at  the  time  of  the  occultation. 

V.  Find  the  same  for  any  other  place,  and  take  the  difference,  and  then  say,, 
as  the  moon's  horary  motion  :  that  difference : :  one  hour  :  the  time  between  the 
immersions  at  the  two  places. 

VL  Apply  that  time  to  the  time  of  occultation  at  one  place,  and  the  difference 
between  that  result  and  the  time  of  occultation  at  the  otlicr  place  gives  the  di£» 
forence  of  longitudes. 

EXAMPLE. 

On  March  27, 1792,  tbe  immersion  oi  Aldebaran  at  the  moon^  dark  limb  at 
Greenwich  was  at  8A.  37'.  36",8  apparent  time,  and  at  the  Observatory  of  Tri- 
nity College,  Dublin,  it  was  at  8/^  4.5^1  ',5  apparent  timej  to  find  the  difference 
of  their  longitudesr 
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As  the  immersions  only  were  observed,  it  is  necessary  to  have  the  exact  la- 
titude of  the  moon  at  the  immersions,  for  finding  which  we  have  the  following 
observations. 

By  observations  at  Greenwich  on  the  day  of  occtiltation  when  the  moon  pass* 
ed  the  meridian,  the  right  ascension  of  its  first  limb  was  found  to  be  63°.  35'. 
55",8,  and  the  zenith  distance  erf*  its  lower  limb,  corrected  for  refraction  and  the 
error  of  the  line  of  coUimation,  was  35^  4l'.  cy',7,  and  the  apparent  time  of  its 
passage  was  3h.  46'.  10".  Hence,  its  latitude  by  observation  was  4°.  38'.  40"  S. 
and  its  longitude  was  64°.  55\  57 ',2.  By  the  Nautical  Almanac^  its  latitude 
computed  was  4°.  38'.  40",  and  its  longitude  was  64^  56'.  47",6 ;  hence,  on  that 
day  there  was  no  error  in  the  Tables  of  the  moon's  latitude,  but  an  error  of  + 
50",4  in  its  longitude. 

By  tlie  Nautical  Almanac^  the  moon's  latitude  at  the  immersion  at  Greenwich 
was  4°.  44'.  52",7  S. ,  and  at  the  Observatory  at  Dublin  it  was  4°.  44'.  43",7.  The 
apparent  longitude  of  Aldebaran  was  66°.  52'.  59  ",2,  and  its  apparent  latitude 
5°.  29'.  5",6 ;  its  right  ascension  was  66°,  and  its  declination  was  16'.  4",4  ;  the 
obliquity  of  the  ecliptic  was  23°.  27'.  48" ;  and  the  moon's  horary  motion  in 
longitude  was  30'.  9",2  by  the  Nautical  Ahnanac. 

Log.  cos.    5°.  29'.    5",6         -         -        arith.  comp.  0,00200 

cos.  66.     O.     O 9,60931 

sin.  23.  27.  48 9,60006 


sin.    9.  21.  48     -     zbet.  II  eel.  and  ||  equat.  9,21137 
90.     O.     O  


80.  38.  12  the  angle  between  the  meridian  passing  through 


the  star  and  a  parallel  to  the  ech'ptic. 


Calculation  for  the  Observatory  at  Greenwich. 

Right  ascen.  of  the  mid-heaven  at  immersion     9*.    6'.  34'',5 

I  star       *         *         -         *     4.  24.     O 


Horary  angle  70°.  S8',6        .        -        -        .    4.  42.  34, 5 


With  this,  and  tlie  declination  16°.  4',4,  and  latitude  reduced  51°.  14',1,  we 
find  the  angle  of  position=40°^'  29',7,  and  the  star's  altitude  =  24°.  S2',3  j  hence, 

2 


^-. 


\ 
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80^  38',2— 40^  29',?= 40°.  8',5  the  angle  made  by  a  vertical  circle  and  a  pa* 
rallel  to  the  ecliptic. 

The  moon's  equatorial  parallax     =:  54'.  45",9  (Naut.  Abn.) 
Reduction  (169)         -  -        -         -8,7 


Horizontal  parallax  reduced       •      54.  S7»  2 


Sin.  54'.  37",2  hor.  par.  red.  -  -  -  8,20106 
Cos.  24^32',  3  starts  altitude  -  -  -  9,95889 
Sin.      40.     8, 5  z.  bet.  ver.  circle  and  ||  eel.    -        9,809S4r 


Sin.       32'.     l",9  parallax  in  faftTwcfe  nearly      -        7,96929 
5^.  29.     5,  6  S.  lat.  


4.  57.     s,  7  true  lat.  of  the  point  of  occultation  nearly. 


Sin.  54'.  37*,2  horizontal  parallax  -  .         8,20106 

Cos.  24°.  32',3  star's  altitude         -  -  -         9,95889 

Cos.  40.     8, 5  z.  bet.  ver.  circle  and  II  eel.       -         9,88335 
Cos.    4.  57  tr.  lat  of  point  of  occ.  nearly  —  ar.  com.  0,001 62 


Sin.  38'.    7'',5  parallax  in  longitude        -  -        8,04492 


Constant  logarithm 4,7124 

2  X  sin.  par.  in  long 16,0898 

Sin.  twice  true  latitude         -  -  -         -      9,2353 


Logarithm  of  l",l         -         -  .  .         -         0,0375 

4^  57'.  3,  7  = 


4.  57.  2,6  truelatitudeof  the  point  of  occultation. 
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Apparent  longitude  of  Aldebaran         -        2*.  6^  52'.  59  ',2 
Parallax  -         -  -  -  -  38.    7, 5 


Longitude  of  the  point  of  occultation     •       2.  7.  31.    6,7 


Lat.  of  point  s  of  moon-lat.  of  center  0=4"*.  57'.  2",6-4^   44'.  52",7 
1 2'.  9",9  =  CP  ;   also  Cs  =  1 4'.  55",4 ; 

Hence  Cs    =  14'.  55",4 

CP  =  12.     9,9 


Sum  =  27.    5,3=1625",3  .         -       3,2109335 

Diff.  =    2.45,5=    165,3  -         -       2,2187980 


2)5,4297315 


2,7148657 

Log.  COS.  lat.         -        -        .        arith.  comp.   0,0016228 


Log.  520",6  =  8'.  40%6  =2  sP         -  -  2,7 1 64885 

2*.  7^.  31.   6, 7  longitude  of  5  


2.    7.  22.  26, 1  long,  of   c  's  center  at  immer.  at  Greenwich. 


Calculation  for  the  Observatory  qf  Trinity  College^  Dublin. 

Right  ascen.  of  the  mid-heaven  at  immersion  8**.  33'.  48 ',5 

■        star        -         -         -         4.  24.     O 


Horary  angle  62^  27'    -        -        •        -        4.     9.  48, 5 


With  this,  and  the  declination  16^  4'.  26",  and  latitude  reduced  SS"".  9',  we 
find  the  angle  of  position  =  37°.  32^,  and  the  star's  altitude  =  29°.  12',9 ;  hence, 
80°.  38,2-37°.  32' =43**.  6',2  the  angle  made  by  a  vertical  circle  and  a  parallel 
to  the  ecliptic. 


SS4  atetiiom  op  nsuBM  f  B&  iroirarruni. 

The  moon''^  equatorial  parsdikx  .  •        -        -        54'.  4jr;9 
Reduction    --        .        .        •        •       ^  --^^^l 


Horizonfal  parallax      .       •       •       ^       .       m.  36^  g 


Sin.  54'.  36\S  hor.  par.  red.  .  -  -  8^20100 
Cos.  29^  12',  9  star's  altitude  .  -  .  9,94091 
Sin.      43.     6,  2  /.  bet.  ver.  circle  and  U  ecKp.        9,dS462 


Sin.      32'.  34",2  parallax  in  latitude  nearly     -        7,97653 
5^  29.     5, 6  S.  lat.  


i«i«k 


4.  56.  31,4  true  laL  of  the  point  of  occultation  nearly. 


Sin.  54'*  S6",8  hor.  par.  red.        .        .        -        8,20100 

Cos.  29°.  12',  9  star's  altitude         -         -     *  -         9,94091 

Cos.  43.     65, 2  /:  htU  vert,  circle  and  ||  eel.            9,86340 

Cos.^  4*  57  tr.  lat.  of  point  of  occ.  nearly  -  ar.  com.  0,001 62 


Sin«    34'.  55",9  parallax  in  longitude      •        •        8,00693 


Constant  logarithm  -  -  .  .  .  4,7124 
2  X  sin.  par.  in  long.  •  •  •  •  •  16,0154 
Sin.  twice  true  latitude        •  •  .         .        9,2346 


Logarithm  rf  0^,9        -        •        .        .        .        ^1,96)24 
4^  56'.  31,4  


4.  56.  30, 5  true  latitude  of  the  point  of  occultatron. 


Apparent  longitude  of  Aldebaran         -        2%  6^  52'.  59",2 
Parallax 34.  55,9 


Longitude  of  the  point  of  occultation    -     2.  7.  27.  35^  l 


■«^ia« 


Lat.  of  tlie  point  s  of  moon  — lat.  of  center  C=4°.  56'.  30",5  — 4°.  44'.  43*^7= 

1 1'.  46",8  =  CP  ;  also  Cs  =  14'.  55  ",4  }  " 
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Hence,  Cs  =14'.  55" ^4 

CP  zzll.  46,8 


Sum  26.   42, 2=1602",2     ....     3,2047167 
Diff.     3.      8, 6=    188, 6    .      -      -      -     2,2755417 


2)5,4802584 


2,7401292 
Log.  COS.  lat.         .         •  p        arith.comp.  0,0016228 


Log.  551",8=9'.  11",8=:5P        -  -  .  2,7417520 

2\  7^  27.  55, 1  longitude  of  ^  


tmmm^ 


2.  7.   18.  43,3  long,  of  D  's  cent,  atimmer.  at  Dublin  Obser. 
2.  7.  22.  26,i  ■    ■  Greenwich. 


Diff.     O.  a     3.  42,8 


Hence,  30'.  9",2  (  c  *s  hor.  mot.  in  long.)  :  3'.  42",8 ::  1  hour  :  7'.  23'',3  the 
time  between  the  immersions  at  Greenwich  and  the  Observatory  of  Trinity 
College,  Dublin. 

Immersion  ai  Obser.  of  Trin,  CkOL  Duhlin    •    6*.   4\  Sl\5 

7.  23,3 


Time  at  the  Obser.  of  Trin.  Coll.  Dublin  J 

when  the  occult,  happened  at  Greenwich)       *       .    4,  8 

Time  of  oceuttatioa  at  Greenwich    -        *        S.  3*7.  36, 8 


Longitude  of  Obser.  Trin.  Coll.  Dubliu    -  25.  22, 0  W» 


For  this  computation  I  am  indebted  to  Dr.  Brinsxey,  who  observes,  that 
the  accuracy  in  tlie  result  will  not  be  affected  by  an  error  in  the  longltudie  of 
the  star,  and  that  a  small  error  in  its  latitude  will  not  sensibly  affect  the  result, 
when  the  places  do  not  differ  much  in  longitude  and  latitude. 


FIG. 

185. 
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Tojind  the  Difference  of  Longitudes  of  two  Places  from  a  Solar  Eclipse. 

m 

I.  Find  (164)  tlie  moon's  parallax  in  latitude  and  longitude  for  the  given 
time  and  place  of  observation. 

II.  Compute  the  moon*s  true  latitude,  and  to  it  apply  the  error*  of  the 
Tables,  and  you  get  the  true  latitude  correctly  ;  to  which  apply  the  parallax  in 
latitude,  and  you  get  the  apparent  latitude  JI/JB,  M  being  the  center  of  the 
moon,  S  of  the  sun,  SE  the  ecliptic,  and  ME  perpendicular  to  it. 

III.  Hence,  for  the  beginning  or  end  of  the  eclipse,  knowing  SM  the 
sum  of  the  semidiametcrs,  or  at  any  other  time  knowing  the  distance  SM 

of   their    centers  from   observation,    we    get    SE  =  y/ SM*   —   ME*   = 

^SM  +  ME  X  SM—AIE  the  apparent  difference  of  longitudes,  to  which  ap- 
ply the  parallax  in  longitude  and  you  get  tlie  true  difference  of  longitudes  of 
the  centers. 

IV.  Then  say,  as  the  horary  motion  of  the  moon  from  the  sun  :  that  dif- 
ference:: 1  hour  :  the  time  between  the  observation  and  the  time  of  the  true 
conjunction,  which  applied  to  the  time  of  observation  gives  the  time  of  the  true 
conjunction. 

V.  Find  the  same  for  any  other  place,  and  the  difference  of  the  times  gives 
the  difference  of  the  longitudes. 

EXAMPLE. 

On  September  4,  179S,  tlie  beginning  of  a  solar  eclipse  at  Greenwich  was 
observed  to  be  at  21/r.  39'.  21"  apparent  time  ;  at  the  Observatory  of  Trinity 
College,  Dublin,  the  beginning  was  at  8//.  4'.  50\2  sidereal  time,  or  21  A.  6'.  47" 
apparent  time,  the  middle  at  9/<.  36*.  12"  sidereal  time,  or  22/i.  37'.  54",6  ap- 
parent, and  the  breadth  of  the  lucid  part  at  the  middle,  measured  with  a 
divided  object  glass  micrometer,  was  6'.  47"  j  to  find  the  difference  of  the  lon- 
gitudes. 


Calculation  for  the  Observatory  at  Dublin. 

The  latitude  is  53^  23',3,  and  the  reduction  (173)  14',3,  hence  the  latitude 
reduced  is  53^  9'.     The  obliquity  of  the  ecliptic  was  23^.  27',7,  the  moon's 

•  Tlie  error  of  latitude  of  the  Tables  is  found  by  comparing  the  latitude  deduced  from  obseira- 
tion  with  the  computed  latitude;  in  this  Example,  it  is  found  from  the  obj^ervation  of  the  middle  of 
the  eclipse.  It  cannot  here  be  found  as  it  was  at  the  occulUtion  of  a  fixed  star  by  the  moon«  from  a 
meridian  observation  of  the  moon,  as  such  an  observation  cannot  be  made  at,  or  near  to  the  time  of 
the  eclipse,  the  moon  being  invisible. 
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horary  motion  in  longitude  was  29'.  37'',9,  in  latitude  2'.  ■42'',8,  and  its  horary 
motion  from  the  sun  27'.  12",!.    . 

First,  to  find  the  error  of  the  Tables  in  latitude  from  the  observation  of  the 
middle.  At  the  middle,  the  moon's  latitude  by  the  Tables  was  3?'.  43",  and 
longitude  162^  51';  and  the  right  ascension  of  medium  coeli  was  9A.  36'.  12" 
=144^  3';  hence  the  following  calculation*  to  find  the  parallax  in  latitude 
and  longitude. 


S97 


Cos.    . 
Cos.    - 


144''.  3'  right  ascension  med.  coeli     -    9,90823 
53.  9  latitude  reduced    ...    -     9,77795 


Cos.  arc  I.  =  119.  2,8 

Cot.  53^.  9'  lat.  red. 

Sin.  144.  3  right  ascen.  med.  coeli 

Cot.  arc  11.  =  66^  15' 
Obliq.  eel.  =23.  27,7 


Sin.arcIII.  =  42.  47,3 
Sin.  arc  L  =  119.     2,8 

Cos.  alt.  non.  =  53**.  S4',2 


9,68618 

9,87474 
9,76870 

9,64344 


9,83205 
9,94161 

9,77366 


Cos.  arclll.=:42**.  47',3 
Tan.  arc  I.  =119.     2,8 


Tan.  long.  non. 
Moon's  longitude    - 


=  127^    7' 
=  162.  51 


Moon's  dist.  from  nonag.  35.  44 


9,86561 
10,25541 

10,12102 


*  Dr.  Brinkley  mad^  his  Calcitlations  by  this  Rule.  Let  I.=the  latitude  reduced,  0=obl.  eel. 
A'^AR  of  medium  coeli ;  then  cos.  ^+co8.  L=cos.  arc  I.  which  is  greater  than  a  quadrant  in  tlie 
second  and  third  quadrants  of  med.  cceli.  Cot.  L+sin.  Atz^xc  II.  which  is  always  less  than  a  qua- 
drant. Arc  II.  db  0=arc  III.  where  —  takes  place  when  Aries  is  West  of  the  meridian,  and+f 
when  East.  Cos.  of  alt.  nonag.zz^va^  arc  I.+sin.  arc  III.  Tang,  long,  i707ta^.=co6.  arc  III. + tan.  arc  P. 
When  arc  III.  is  Un  than  a  quadrant,  the  /oi^.  nonag,  is  of  the  same  alleclion  %s  A;  when  greater,  of 
the  same  affection  as  arc  I. 

VOL,   L  3  Z 


V.  .    ■ 


T%«  moon's  cqtMtofUl  poraBftx       *       M'.  If 
Reduction    -        -        •  .        -  —8,9 

Moon's  horiisntal  panUax      ■        .        Si.    S,liEaiIM',I 
Sun's  horizontal  paratlax        -        -        -        -        -       8, 6 

Hon  par.  >  from  o         -  ....        3S84, » 


Log.  3334,5 

Sin.  4$^.  34',2  alt.  nonag. 

Cos.  37'.  *3'  t  'a  lat.  by  Tab. 


^50981 

9,905M 

arith.  comp.  0,00003 

MIMI 


Sin>  ^f".  44'  <  's  dist  from  ooiMC-       ■> 

X^.  IJS0'=25'.  8£/par.  inlong.  nea^  .    .    -    9^18193 
35°.  **  — —w. 


■    36.     9 


3,41  M> 


l«gi,  l«35',3s=2j'>S5*,3.paraLmZ«vi'V^       '    $,l8«i9l 


tog.3sat,j       ....        .        >       MOMi 
Cos.  53°.  34',2  alt.  nonag.  ...        9,77366 

Cos.  sgf*  lat  <  -  «  arith.  comp.  OiOOOQO 

Log.  19!0',8=32'.    0',S  gfst  part  par.  in  lat.     -     3,38347 
37.  43       «'stat.l^T«k.  


5.  42,2  apparent  latitude  veiy  nearly. 
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3d9 


1jdg4  8^34,5        «• 

8In-  59"*.  84',2  alt  ndttag. 

Sitt»  6\  42'',2  app.  lat  of  tt 


Cos.  35°.  44'  + 


25'.  35" 


Log.     -     S",5  second  part  par.  lat. 
S2\  O,  8  first  part 


31.  57, 3  parallax  in  Latitude. 


Moon's  horizontal  semidiameter 
Inflex.  light 


Augmen.  for  ^  's  alt.  35' 
Moon'd  setttidiftmetef 


Lucid  part  at  the  middle 


Correction  of  lucid  part 
The  moon's  semidiameter 

Sum        .... 
The  gun's  semidiafnetet  * 


i&,906 

9,908 

■  ■» 
6,544 


14'. 

46" 

< 

-3 

14. 

43 

. 

+  9 

14. 

52 

6', 

47" 

■ 

-6* 

6. 

41 

14. 

52 

21. 

ds 

15. 

^3 

5. 

40  the  dis« 

>.  : 


*  Dr.  BKiNKLCt  obs^es  that  imperfect  or  bad  adiromatit  teTeseopes  zrt  found  to  give  the  sun's 
diameter  greater  tban  H  really  is.  Mayer's  telescope^  which  w^  not  achromatic,  gAve,  according  to 
the  late  observations  of  Dr.  Masrei,tne,  the  sun's  diameter  too  great  as  set  down  tn  the  Nautical  AU 
manac  by  6".  An  achromatic  with  a  dinded  object  glass  miercifmeter  may  be  considered  as  an  indif- 
ferent telescope?,  perbaips  little  better  than  a  telescope  which  is  not  achromatic.  I  have  therefore  di- 
minished the  HieaMnre  6".  I  could  give  several  reasons  why  I  fix  it  at  6".  The  correction  may  be 
disputed;  but  it  is  of  little  or  no  consequence  in  the  result,  except  when  the  true  conjunction  is  de- 
termined separately  from  the  Ix^ginning  and  end,  and  not  then  of  much,  except  the  eclipse  be  smalL 
Dr.  Maskfltne  has  found  the  sun's  diameter  as  put  down  in  the  Nautical  Almanac  GT  too  taxxchi 
that  correction  therefore  to  the  diameter  in  the  Nautical  Almanac  is  here  applied. 
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tance  of  the  center  of  the  sun  from  that  of  the  moon ;  and  as  the  apparent 
path  of  the  moon  makes  an  angle  of  only  about  1^  5\  40"  with  the  ecliptic^ 
it  may  be  considered  as  the  moon's  apparent  latitude  at  the  middle  of  the 
eclipse. 


Apparent  latitude 
Parallax  in  latitude 

True  latitude  by  observation 
• by  the  Tables 

Error  of  the  Tables  in  latitude 


5^.  40" 
31.  57,3 

37.  37,3 
37.  43 

-5,7 


Tojind  tJi6  true  Time  ofihe  Conjunction  at  Dublin  Observatory. 
Latitude  of  Dublin  Observatory  reduced  s=  53°.  9^. 


Cos.  121°.  12',6  right  ascen.  med.  coeli 
Cos.    53.     9      lat.  red. 

Cos.  arc  I.  =  108°.  6',5 


9,71448 
9,77795 

9,49243 


Cot.     SS"".    9'  lat.  red. 

Sin.    121.  12,6  right  ascen.  med.  coeli 

Cot.  arc  II.  =  57^  20,5 
Obliq.  eel.  =23.  27,7 


Sin.  arc.  III.  =  33.  52, 8 
Sin.  arc  I.  =  108.   6,5 

Cos.  alt.  iionag.=58''.  0',5 


9,87474 
9,93211 

9,80685 


9,74620 
9,97793 

9,72413 
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Cos.arcIII.=:3S^52',8        -         .        .        -        9,91920 
Tan.  arc  I.  =:  108.     6, 5         -  -        •        -       10,48^45 


Tan.  long,  nonag.  =  1 1 1^  29,9        -        -        -      10,40465 
Moon's  longitude  =  1 62*     6    {Naut.  Aim.)  . 


C  's  dist  St  nonag.  =:  50.  36, 1 


Moon's  equatorial  parallax        ^       -        54'.  11" 
Reduction      .        -        -        •        •  — 8,9 


Moon's  horizontal  parallax        -  »  54.    2,1  =  3242",  1 

Sun's  horizontal  parallax         -  -  »        .      =:       8, 6 

Horizontal  parallax  of  d  from  0  -  -        «        3233, 5 

Moon's  latitude  by  Tables        .  .  •        S3'.  36"  N. 

Error  of  Tables        -        .        •  -  -        -      —5,7 


Moon's  true  latitude        •         •         -        •        33.  30, 3 


Log.  3233,5 3,50967 

Sin.  58^  0',5  alt.  nonag 9,92846 

Cos.  33*.  30'',3  €  *s  true  kt.        -        arith.  comp.  0,00002 


3,43815 
Sin.  50^  36',1  <  's  dist.  from  nonag.        -        -        9,88804 


Log.  2ll9'',3=35*.  i9'',s  par.  in  long,  nearly     -     3,32619 
50^  36',  1  . 


Sin.     -     51.  11,4  -  ^  •  9,89166 
. 3,43815 


Log.  2 1 36",8  =:  35'.36",8  par.  in  longitude         -        3,3298 1 
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Log.  d2S3,5  .  .  -  -  d,50967 

Cos.  58*.  O'.S  alt.  nonag.        .  -  *        9,73410 


Log.  1  TlS*,!  =  28'.  33^,1  first  part  par.  in  ]at     •    »,«3877 

33.  30, 3  moon's  true  latitude. 


■Mirfl^MriAi 


4.  57)  2  moon'6  apparent  latitude  iiesaiy. 


Log.  3233^       -  -  -  .  -       8,5io 

Sin.  58^  OfyS  alt  nonag.  -  -  -        0,928 

Sin.  4'.  sTfi  <l  's  app.  latitude  nearly        -         -        7,159 


008.50^36^,1+^^''^^^^^         -  -  -        9,799 


28.  90, 6  parallax  in  latitude. 


Log.  9f^  setond  part  of  par.  in  latitude    •       *       0,596 
l**,.  88, 1  first  part  of  par.  in  latitude. 


Moon's  true  latitude  .  .  •  33^.  30\S 

Parallax  in  latitude  «...  28.  SO,  6 


"T 


3/£  =  299'V7= 4.59,7 


The  moon's  semidiameter        -  .  .         14'.  46^ 

Inflexion  of  bght        -  ^  -  .        •       ^a 


14.  49 
Augmen.  for  t>  *s  alt.  32'*        -  -  -  +  8,4 


Moon's,  semidiameter        w  *        ^         .        .14.  51^4 


» 

The  sun's  semidiameter  reduced      •        •        -         15*.  SS" 
Moon'^s  semidiameter 14.  51,4 


5M=1844",4=  -  -  -  .         .         so.  44,4 


lOTBOos  or  nNomo  tbs  umeircDE. 


«43 


1844,4 
299,7 

Sum   2144,1 
DIE   1544,7 


log.  S,S3195 
log.  3,18884 


2)6,52009 


mmm 


Log.  5£: = 1 8 1 9',9  =    30^.  1  g^g 

Parallax  in  long.    =     35.  36,8 


3,26004 


^w< 


i** 


1 "".    S.  56,7  trae  diff.  long.  ©  and  <r « 


Hence,  27'-  12%1  :  l^  5\  56",7 ::  Ih.  :  2h.  25'.  28"  the  interval  from  the  be- 
ginning to  the  time  of  the  true  conjimction ;  wm^WJady.2lk.,6\4T  (beg«) 
+  2h.  25'.  2a"=:23A.  32'.  15^  for  the  time  of  the  conjiuictMiii  at  the  Observatory 
of  Trinity  College,  Dublin. 


L    '..X. 


To  compute  the  same  for  Greetmkh* 


Beginning  at        -         - 
Sun^s  right  ascension 

Right  ascension  med.  coeli 


21*.  39'.  «r  apparent  time. 

10.  58.     3 


9.  37.  2+=129*.  21'. 


Latitude  of  Greenwich  reduced = 5 1^  l4',l 


Gosk  129^  21'  right  ascen.  of  med,  coeli 
Cos.    51«  14,1  latitude  reduced 

Cos.  arc  L  =  1 13^  2S',5 


9»8021» 
9,79668 

9,59881 
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I 


/ 


Cot.    51°.  14',1  latitude  reduced 

Sin.    129.21     right  ascen.  of  med.  corii 

Cot.  arc  II.  =  58°.   9',7 
Obliq.  eel.   =23.  27,7 


Sin.  arc  III.  =34.42 
Sin.  arc  I.  =113.  23,5 

Cos.  alt.  nonag. = 58°.  SO' 


9,90475 
9,88834 

9,79809 


9,75532 
9,96275 

9,71807 


I 

' 


Cos.  arc  III.  =  S4\  42' 
Tan.  arc  L  =113.  23,5 


Moon's  dist  from  non.    44.  25 


9,91495 
10,36394 


Tan.  longitude  nonag.  =  1 1 7*.  45*        -            -        10,27889 
Moon's  longitude      =162.  10  (Nata.Abn.)       


Moon's  equatorial  parallax 
Reduction      ... 

Moon's  horizontal  parallax 
Sun's  horizontal  parallax 

Horizontal  parallax  s  from  o 


54'.  11* 
-7,1 

54.     3,9=S243'',9 

8,6 


3235, 3 


Moon's  latitude  by  the  Tables 
Error  of  the  Tables 

Moon's  true  latitude 


S3'.  55",9 
^5,7 

33.  50,  2 
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.3235,3         -  -  -  -         -         -         3,50991 

I.  J8',  SO'  alt  nonag 9,93077 

!os.  33'.  50"  moon's  true  lat    -      -    arith.  comp.  0,00002 


Kd.  44°.  25*  moon's  dist.  from  nonag.     - 

lOg.  1930",7  =  32'.  10",7  par.  in  long,  nearly 
44°.  25 


-     44.    57.  10,7 
Log.  1949'',1  =32'.  29',1  par.  in  Longitude 


3,44070 
9,84502 


3,28572 


9,84912 
3,44070 


Log.  3235, 3         -  -         - 

Cos.  58°.  SCf  alt.  nonag. 
Cos.  moon's  apparent  latitude 


3,50991 

9,71807 

arith.  comp.  0,00000 


Log.  1690'',4  =  28'.  10',4  first  part  par.  in  lat.     -     3,22798 
33.  50,     moon's  true  latitude.  — 


5.  40      apparent  latitude  nearly. 


Log.  3235, 3  -  -  ...  .  3,510 


Sin.  58**.  SO'  alt.  nonag. 

Sin.  5'.  40^  apparent  latitude  of  moon 


Cos,  44°.  25'  +  - 


9,931 

7,217 


Log.  3',2  second  part  of  par.  in  latitude 
28'.  10, 4  first  part  of  par.  in  latitude. 


7, 2  parallax  in  Latitude. 
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Moon^s  trae  latitude    -        ^        -        -        - 
Parallax  in  latitude     -         -        - 

ME^34S':=: 


The  moon's  semidiameter 
Inflexion  of  Ught 


Augmen.  for  d  's  alt.  37^ 
Moon's  semidiameter 


The  sun's  semidiameter  reduced 
The  moon's  semidiameter 


5'3f=I845",5 


33'. 

50\2 

28. 

7,2 

5. 

43 

'.  46' 

1 

-3 

14. 

43 

+  9,5 

14. 

52,5 

15". 

53" 

14. 

52,5 

SO. 

45 

1 845,5 
343 

Sum  2188,5 log.  3,34015 

Diff,  1502,5 log.  3,17681 


■MIVIB* 


2)6,51696 

Log.   SE  =  1  BISK'S    =30'.  IS^S     -         -         .         S,fl5848 
Parallax  in  longitude  =  32.  29, 1  


l"".  2.  42, 4  true  diff.  of  long.  0  and  a  • 


Hence,  27'.  12%1  :  1^  2'.  42',4::  l  hour  :  2fu  18'.  18%9  the  interval  from 
the  beginning  to  the  time  of  the  true  conjunction  j  consequently  21  Ju  39'.  21* 
(beg.)  +2A.  18'.  18'',9  =  23A.  57'.  39",9  the  time  of  the  true  conjunction  at 
Greenwich. 
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Time  of  coigunction  at  Greenwich  Observ.         23\  57'.  39*,9 
at  Dublin  Observatory         23-  32.  15 


Difference  of  the  meridians        •        -        .  25.24,9 


To  find  the  error  of  the  Tables  in  longitude,  we  have 

©*s  long,  at  time  of  conj.  by  Mayer's  Tab,       5*.  13°.  17'.    6" 
])  *s  long. —        5.   13.    17.  48 

Error  of  the  lunar  Tables  in  longitude,         >  j.  42 

supposing  the  solar  Tables  to  be  accurate  > 


Dr.  Brinkley  observes,  that  in  an  occultation,  or  eclipse  of  the  sun,  when 
the  calculation  is  made  for  the  difference  of  longitudes  to  be  deduced  from  the 
beginnings  or  endings  at  two  places,  it  will  be  sufficient  to  use  the  equatorial 
parallax  to  the  neai*est  second,  and  not  to  regard  the  inflexion  and  irradiation 
of  light;  but  when  the  difference  of  longitudes  is  to  be  deduced  from  the  be- 
ginning at  one  place  and  the  ending  at  the  otlier,  these  circumstances  ought 
to  be  strictly  attended  to. 


To  jind  the  Longitude  by  a  Time-keeper. 

156.  Let  the  Time^keeper  be  well  regulated,  and  set  to  the  meridian  of 
Greenwich;  then  if  it  neither  gain  nor  lose,  it  will  always  show  the  time  at 
Greenwich.  Hence,  to  find  the  longitude  of  any  other  place,  find  the  mean 
time,  either  by  the  sun*s  altitude  or  that  of  a  fixed  star  by  Art.  92,  or  106,  and 
observe,  at  the  instant  of  taking  the  altitude,  the  time  by  tlie  watch ;  and  the 
difference  of  these  times,  converted  into  degrees,  at  the  rate  of  15^  for  an  hour, 
gives  the  longitude  from  Greenwich.  If,  for  example,  the  time  by  the  watch 
when  the  altitude  was  taken,  was  6h.  19',  and  the  mean  time  deduced  from 
that  altitude  was  9/r.  23',  the  difference  3h.  4'  converted  into  degrees  gives  46^ 
the  longitude  of  the  place  east  from  Greenwich,  because  the  time  at  the  place 
of  observation  is  forwarder  than  that  at  Greenwich.  Thus  the  longitude  could 
be  very  readily  determined,  if  you  could  depend  upon  the  watch.  But  as  a 
watch  will  always  gain  or  lose,  before  it  is  sent  out  its  gaining  or  losing  every 
day  for  some  time,  a  month  for  instance,  is  observed ;  this  is  called  the  rate  qf 
going  of  the  watch,  and  from  thence  the  mean  rate  of  going  is  thus  found. 

757.  Suppose,  for  instance,  I  examine  tlie  rate  of  a  watch  for  30  days ;    on 
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some  of  those  days  I  find  it  has  gained,  and  on  some  it  has  lost;  add  together 
all  the  quantities  which  it  has  gained,  and  suppose  they  amount  to  17";  add  to- 
gcther  all  the  quantities  which  it  has  lost,  and  let  the  sum  be  13" ;  ihen  the 
difference  4"  is  the  Jtiean  rate  of  gaining  for  30  days,  which  divided  by  SOgives 
<y,133  for  a  mean  daili/  rate  of  gaining.  Or  you  may  get  tlie  mean  daily  rate 
thus.  Take  the  di^rence  between  what  the  watch  was  too  fast,  or  too  slow 
on  the  first  and  last  days  of  observation,  if  it  be  too  ^t  or  too  alow  on  each 
day ;  but  take  the  sum,  if  it  be  too  tast  on  one  day  and  too  slow  on  the  other, 
and  divide  by  the  number  of  days  between  the  observations*.  And  to  find  the 
time  at  the  place  of  trial  at  any  future  period  by  this  watch,  you  must  put 
down,  at  the  end  of  the  above  trial  how  much  the  watch  is  too  fast  or  too  slow ; 
then  subtract  from  the  time  shown  by  the  watch,  0*,133  x  Dumber  of  days 
from  the  end  of  the  trial,  being  the  quantity  which  it  has  gained  according  to 
the  above  mean  rate  of  gaining,  and  you  are  then  supposed  to  get  the  true 
time  affected  witli  the  error  at  the  end  of  the  trial.  This  would  be  all  the  error 
if  the  watch  had  continued  to  gain  according  to  the  above  rate;  and  although, 
from  the  different  temperatures  of  tlie  air  to  which  the  watch  may  be  exposed, 
and  from  the  imperfection  of  the  workmanship,  this  cannot  be  expected,  yet 
by  taking  it  into  consideration,  the  probable  error  of  the  time  will  be  dimi- 
nished. In  watches  which  are  under  trial  at  the  Royal  Observatory  at  Green. 
wich,  as  candidates  for  the  rewards  offered  by  Parliament  for  the  discoveiy 
of  the  longitude,  this  allowance  of  a  mean  rate  to  be  applied  in  order  to  get 
the  time,  is  not  granted  by  the  Act  of  Parliament,  but  it  requires  that  the  watch 
Itself  should  go  within  the  limits  assigned;  the  Commissioners,  however,  are 
so  indulgent,  as  to  grant  the  application  of  a  mean  rate,  which  is  undoubtedly 
fevourable  to  the  watches. 

758.  As  the  rate  of  going  of  a  watch  is  subject  to  vary  from  so  many  cir- 
cumstances, the  observer,  whenever  he  goes  ashore  and  has  sufficient  time, 
should  compare  his  watch  for  several  days  with  the  mean  time  deduced  from 
tlie  altitude  of  the  sun  or  a  star,  by  which  he  will  be  able  to  determine  its  rate 
of  going.  And  whenever  he  comes  to  a  place  whose  longitude  is  known,  he 
may  correct  his  watch  and  set  it  to  Greenwich  time.  For  instance,  if  he  go 
to  a  place  known  to  be  30**  east  longitude  from  Greenwich,  his  watch  should  be 
two  boun  ilower  than  the  time  at  that  place.  ¥mA  therefore  the  time  at  that 
place  by  the  attitude  of  the  sun  or  a  fixed  star,  and  correct  it  by  the  equation 
1  compare  tlie  time  so  found  with  the  time  by  the  watch  when  the 
ras  taken,  and  if  tlie  watch  be  two  iiours  ijower  than  the  time  dc- 
tioii,  it  is  riglit ;  if  not,  correct  it  by  tlic  difference,  and  it 


Waies's  l^ttthod  of  diiJing dej^ongilu'ik at'Sea, 
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759.  In  long  voyages,  unless  you  have  sometimes  the  means  of  adjusting  the 
watch  to  Greenwich  time,  its  error  will  probably  be  very  considerable,  and 
consequently  the  longitude  deduced  from  it  will  be  subject  to  a  proportional 
error.  In  short  voyages  a  watch  is  undoubtedly  very  useful,  and  also  in  long 
ones,  where  you  have  the  means  of  correcting  it  from  time  to  time.  It  serves 
to  carry  on  the  longitude  from  one  known  place  to  another,  supposing  the  in- 
terval of  time  not  to  be  very  long;  or  to  keep  the  longitude  from  that  which  is 
deduced  from  a  lunar  observation,  till  you  can  get  another  observation.  Tims 
the  watch  may  be  rendered  of  great  service  in  Navigation. 


To  find  the  Longitude  by  an  EcUpse  of  tfie  Moony  and  ofjupiter^s  Satellites^ 

760.  By  an  eclipse  of  the  moon.  This  eclipse  begins  when  the  umbra  of 
the  earth  first  touches  the  moon,  and  it  ends  when  it  leaves  the  moon.  Having 
the  times  calculated  when  the  eclipse  begins  and  ends  at  Greenwich,  observe 
the  times  when  it  begins  and  ends  at  any  other  place;  the  diflference  of  these 
time^  converted  into  degrees,  gives  the  difference  of  longitudes.  For  as  the 
phases  of  the  moon  in  an  eclipse  happen  at  the  same  instant  to  every  observer, 
the  difference  of  the  times  at  different  places  when  any  phase  is  observed  will 
give  the  difference  of  the  longitudes.  This  would  be  a  very  ready  and  accurate 
method,  if  the  time  of  the  first  and  last  contact  could  be  accurately  observed  ; 
but  the  darkness  of  the  penumbra  continues  to  increase  till  it  comes  to  the 
umbra,  so  that  until  the  umbra  actually  gets  upon  the  moon,  it  is  not  disco- 
vered. Tlie  lunbra  itself  is  also  very  badly  defined.  The  beginning  and 
end  of  a  lunar  eclipse  cannot,  in  general,  be  determined  nearer  than  l'  of  time; 
and  very  often  not  nearer  than  2'  or  3'.  Upon  these  accounts,  the  longitude, 
from  the  observed  beginning  and  end  of  an  eclipse,  is  subject  to  a  considerable 
degree  of  uncertainty.  Astronomers  therefore  determine  the  difference  of  the 
longitudes  of  two  places  by  corresponding  observations  of  other  phases,  that  is, 
when  the  umbra  bisects  any  of  the  spots  upon  the  moon's  surfiice.  And  this 
can  be  determined  with  a  greater  degree  of  accuracy  than  the  beginning  and 
end ;  because,  when  the  umbra  is  gotten  upon  the  moon's  surface,  the  observer 
has  leisure  to  consider  and  fiK  upon  the  proper  line  of  termination,  in  which  he 
will  be  assisted  by  running  his  •  eye  along  the  circumference  of  the  umbra. 
Thus  the  coincidence  of  the  umbra  with  the  spots  may  be  observed  to  a  toler- 
able accuracy.  The  observer  therefore  should  have  a  good  map  of  the  moon 
at  hand,  that  he  may  not  mistake.  The  telescope  to  observe  a  lunar  eclipse 
should  have  but  a  small  magnifying  power  with  a  great  deal  of  light.  The 
sliadow' comes  upon  the  moon  on  the  east  side,  and  goes  off  on  the  west;  but  if 
the  telescope  invert,  the  appearance  will  be  contrary. 

5 


/• 
1 


MCTIIOOS   OF   FINDIKG   THE   LOlfOITUDK. 


761.  The  eclipses  of  Jupiter's  satellites  afford  the  readiest  method  of  deter- 
mining the  longitude  of  places  at  land.  It  was  also  hoped  tliat  some  method 
might  be  invented  to  observe  them  at  sea,  and  Mr.  Irwin  made  a  chair  to 
swing  for  that  pui-poae,  for  the  ob^en-er  to  sit  in  j  but  Ur.  Maskeltne,  in  a 
voyage  to  Uarbadoes,  under  the  direction  of  the  Commissioners  of  longitude, 
found  it  totally  impracticable  to  derive  any  advantage  from  it ;  and  he  observes 
that  "  considering  the  great  jwwer  requisite  in  a  telescope  for  making  tliese 
observations  well,  and  the  violence  as  well  as  irregularities  of  the  motion  of  a 
ship,  I  am  afraid  the  complete  management  of  a  telescope  on  ship-board  will 
always  remain  among  the  desiderata.  However,  I  would  not  be  understood  to 
mean  to  discourage  any  attempt,  founded  upon  good  principles,  to  get  over  this 
difficulty."  Xlie  telescopes  proper  for  making  these  observations  arc  common 
refracting  ones  from  ]5to  20  feet,  reflecting  ones  of  18  inches  or  2  feet,  or  the  40 
inch  achromatic  with  three  object  glasses  which  were  first  made  by  Mr.  Dollond. 
On  account  of  the  uncertainty  of  the  theory  of  the  satellites,  the  observer  should 
be  settled  at  his  telescope  a  tew  minutes  before  the  expected  time  of  an  immer- 
sion. And  if  the  longitude  of  the  place  be  also  uncertain,  he  must  look  out 
proportionably  sooner.  Thus,  if  the  longitude  be  uncertain  to  2°,  auswerintr 
to  eight  minutes  of  time,  he  must  begin  to  look  out  eight  minutes  sooner 
than  is  mentioned  above.  However,  when  he  has  observed  one  eclipse  and 
found  tlie  error  of  tlie  Tables,  lie  may  allow  the  same  correction  to  the  calcula- 
tions of  the  Ephemeris  for  several  months,  which  will  advertise  him  very  nearly 
of  the  time  of  expecting  the  eclipses  of  the  same  satellite,  and  dispense  with  his 
attending  so  long.  Before  the  opposition  of  Jupiter  to  the  sun,  tlie  immersions 
and  emersions  happen  on  tlie  west  side  of  Jupiter,  and  afler  opposition,  on  the 
east  side;  but  if  the  telescope  invert,  the  appearance  will  be  the  contrary-. 
Before  opposition,  the  immersions  only  of  the  first  satellite  are  visible ;  and 
after  opposition,  the  emersions  only.  The  same  is  generally  the  case  with 
respect  to  the  second  satellite;  butbotli  immersion  and  emersion  are  frequently 
observed  in  the  two  outer  satellites.    See  Art.  456. 

763.  Wh<en  tlie^bservcr  is  waiting  for  an  emersion,  as  soon  as  he  suspects 
that  he  sees  it,  lie  should  look  at  his  watch  and  note  the  second,  or  begin  to 
count  tlie  heats  of  tlie  clock,  till  he  ia  sure  that  it  is  the  satellite,  and  then 
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clock  and  subtract  the  number  of  seconds  which  he  has  counted 
It  jhen  observed,  and  he  will  have  the  time  of  emersion.     If  Jupi- 
re  tlio  horizon  and  the  sun  as  much  below,  an  eclipse  will  be 
'  be  determined  nciir  enough  by   a  common  globe. 

«n  Of  emersion  of  a  satellite  being    observed  according  to 

^(jipparcnt  ■'  -'^dc  of  ''      ;il;Kt  .'h-m  Greenwich  is  found  by  taking 

iflcit;  '  i   iiiiii.  ^(  I  'Ifjwn  in  the  Naiitkul  Alnm- 

Vj  which  13  » 


ikUj^cl 


METHODS   OF   FINDING   THE   LONGITUDE.  551 

Ex.  Supfpose  the  emersion  of  a  satellite  to  have  been  observed  at  the  Cape 
of  Good  Hope,  May  9,  1767,  at  lOA.  46'.  45"  apparent  time ;  now  the  time  in 
the  Nautical  Almanac  is  9//.  33'.  12";  the  difference  of  which  times  is  lA.  13'. 
33"  the  longitude  of  the  Cape  east  of  Greenwich  in  time,  or  IS"*.  23'.  15". 

764.  But  to  find  the  longitude  of  a  place  from  an  observation  of  an  eclipse 
of  a  satellite,  it  is  better  to  compare  it  with  an  observation  made  under  some 
well  known  meridian,  than  with  the  calculations  of  the  Ephcmeris,  because  of 
the  imperfections  of  the  theory;  but  where  a  corresponding  observation  cannot 
be  obtained,  find  what  correction  the  calculations  of  the  Ephemeris  require  by 
the  nearest  observations  to  the  given  time  that  can  be  obtained;  and  this  cor- 
rection applied  to  the  calculation  of  the  given  eclipse  in  the  Ephemeris,  renders 
it  almost  equivalent  to  an  actual  observation.  The  observer  must  be  carefiil 
to  regulate  his  clock  or  watch  by  apparent  time,  or  at  least  to  know  the  differ- 
ence ;  this  may  be  done  either  by  equal  altitudes  of  the  sun  or  proper  stars ; 
or  the  latitude  being  known,  from  one  altitude  at  a  distance  from  the  meridian, 
by  the  methods  already  explained. 

765.  In  order  the  better  to  determine  the  difference  of  longitudes  of  two 
places  from  corresponding  observations,  the  observers  should  be  furnished  with 
the  same  kind  of  telescopes.    For  at  an  immersion,  as  the  satellite  enters  the 
shadow  it  grows  fainter  and  fainter,  till  at  last  the  quantity  of  light  is  so  small 
that  it  becomes  invisible  even  before  it  is  wholly  immersed  in  the  shadow  ;  the 
instant  therefore  that  it  becomes  invisible  will  depend  upon  the  quantity  of 
light  which  the  telescope  receives,  and  its  magnifying  power.     The  instant 
therefore  of  the  disappearance  of  a  satellite  will  be  later  the  better  the  telescope 
is,  and  the  sooner  it  will  appear  at  its  emersion.     Now  the  immersion  is  the 
instant  the  satellite  is  wholly  gotten  into  the  shadow,  and  the  emersion  is  the 
instant  before  it  begins  to  emerge  from  the  shadow ;  if  therefore  two  telescopes 
show  the  disappearance  or  appearance  of  the  satellite  at  the  same  distance  of 
time  from  the  immersion  or  emersion,  the  difference  of  the  times-  will  be  the 
same  as  the  difference  of  the  true  times  of  their  immersions  or  emersions,  and 
therefore  will  show  the  difference  of  longitudes  accurately.     But  if  the  observed 
time  at  one  place  be  compared  with  the  computed  time  at  another,  then  we 
must  allow  for  the  difference  between  the  apparent  and  true  time  of  immersion 
or  emersion  in  order  to  get  the  true  time  where  the  observation  was  made  to 
compare  with  the  true  time  from  computation  at  the  other  place.     This  differ- 
ence may  be  found  by  observing  an  eclipse  at  any  place  whose  longitude  is 
known,  and  comparing  it  with  the  time  by  computation.     Observers,  therefore, 
should  settle  the  difference  accurately  by  the  mean  of  a  great  number  of  obser- 
vations  thus  compared  with  the  computations,  by  which  means  the  longitude 
vill  be  ascertained  to  a  much  greater  accuracy  and  certainty.     After  all  this 
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precaution,  however,  the  different  states  of  the  air  at  dlf&rent  times,  and  also 
the  difierent  states  of  the  eye,  will  introduce  a  smaU  d^ree  of  uncertainty ;  the 
latter  case  may  perhaps,  in  a  great  measure,  be  obviated,  if  the  observer  will 
be  careful  to  remove  himself  from  all  warmth  and  light  for  a  little  time  befcnre 
he  makes  the  observation,  that  the  c\'e  may  be  reduced  to  a  proper  state ;  which 
precaution  the  observer  should  also  attend  to  when  he  settles  the  difierence 
between  the  apparent  and  true  times  of  immersion  and  emersion.  Perhaps  also 
the  difference  arising  from  the  difierent  states  of  the  air  might,  by  proper  ob- 
servations, be  ascertained  to  a  considerable  degree  of  accuracy ;  and  as  this 
method  of  determining  the  longitude  is,  of  all  others,  the  most  ready,  no  means 
ought  to  be  left  untried  to  reduce  it  to  the  greatest  certainty.  For  further 
directions,  see  Art.  460. 


CHAP.  XXIX. 


ON  THE  USE  OF  THE  GLOBES. 

Art.  766.  There  are  two  Globea,  one  called  2Vrrd*Aw/,  upon  which  1*« 
pktc^  on  the  earth  are  delineated,  and  the  other  called  Celestialj  upon  which 
the  principal  fixed  stars  are  put  down  in  their  proper  places,  and  the  figures  of 
the  constellations  drawn.  The  terrestrial  globe  is  a  perfect  map  of  the  eafth, 
representing  accurately  the  relative  situations  of  all  the  places  upon  its  sur&ce. 
The  celestial  globe  serves  to  explain  all  the  phasnomena  arising  from  the  diur- 
nal motion  of  the  earth  about  its  axis,  and  also  the  variation  c^  seasons  arising 
from  ks  motion  about  the  sun,  only  supposing  the  sun  to  move  in  the  ecliptic 
instead  of  the  earth,  which  will  not  alter  any  of  the  appearances.  Fig.  186.  fio. 
represents  the  construction  of  each  globe.  HJR  is  a  flat  circular  fi-ame  of  186. 
wood  supported  by  semicircular  pieces  coming  from  the  foot,  the  plane  of 
which  passes  through  the  center  of  the  globe.  FQpE  is  a  brass  circle  called 
iHaeBraxen  Meridian  ;  it  is  supported  at  its  lowest  point  upon  a  roller  on  which 
it  turns  in  its  own  plane,  and  passes  through  the  horizon  HR  in  two  groves 
cut  for  that  purpose.  The  globe  itself  is  supported  within  this  circle  by  an 
axis  Pp  on  which  it  turns  ;  this  axis  passes  through  the  brazen  meridian  at  P 
and  carries  an  index  round  with  it  over  a  circular  plate  Ac,  which  is  divided 
into  hours,  &c.  EQ  represents  the  equator,  and  CL  the  ecliptic  j  to  each  of 
which  circles  on  the  celestial  globe  secondaries  are  drawn  to  every  10  or  15 
degrees;  but  on  the  terrestrial,  they  are  drawn  only  to  the  equator.  From  C 
and  L  are  drawn  the  two  tropical  circles ;  and  on  the  terrestrial  globe  are 
dmwn  -  the  parallels  of  latitude.  There  is.  aUo  p»rt  of  another  cif  cle  Za^  qalled 
^Qfiodrant  qf  Altitude y  which  is  Qccasippally  fixed  to  the  bra?en  meridian  ;  it 
is  a  thin  plate  of  brass,  having  a  nut  and  a  screw  at  one  end  to  fasten  it  to  the 
meridian  in  its  zenith  Z,  and  then  the  lower  end  is  put  between  the  globe 
and  horizon,  and  can  be  turned  round  to  any  point ;  it  is  divided  into  degrees, 
&c.  by  which  the  altitude  of  any  object  above  the  horizon  may  be  measured, 
and  at  the  same  time  it  refers  the  object  to  the  horizon,  by  which  its  azimuth 
may  be  determined.  From  one  point  E  of  the  brazen  meridian  corresponding 
to  the  equator,  the  degrees  begin  and  are  continued  up  to  90^  ^t  each  pole 
P,jp  ;  but  for  the  other  semicircle  of  the  meridian,  the  degrees  begin  at  the 
poles  and  are  continued  to  90°  at  the  equator.  On  the  horizon,  the  degrees 
begin  at  the  east  and  west  points,  and  are  continued  both  ways  to  90"^,  or  to 
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the  north  and  south  points.  The  points  of  the  compass  are  also  generally  pot 
upon  the  horizon  ;  and  on  two  other  circles  drawn  thereon  are  put  the  signs  of 
the  zodiac,  and  the  months  and  days  corresponding  to  the  sun^s  place,  which 
serves  as  a  calendar  to  show  the  place  of  the  sun  on  any  day ;  this  however 
cannot  be  accurate,  as  the  sun  is  not  always  in  the  same  point  of  the  ecliptic  on 
the  same  day.  The  ecliptic  and  equator  begin  their  degrees  at  one  of  their 
intersections,  called  Ariesy  which  are  continued  the  same  way  all  round  up  to 
360°,  and  the  former  is  divided  into  and  marked  with  the  twelve  signs  ;  the 
equator  is  also  divided  from  the  same  point  into  24  hours,  which  is  therefore 
sometimes  made  use  of  instead  of  the  hour  circle.  Upon  the  foot  of  the  ^lobe 
there  is  often  put  a  compass,  by  which  the  brazen  meridian  may  be  set  north 
and  south.  In  the  Phil.  Trans.  1789,  Mr.  Smeaton  has  given  a  description  of 
an  improved  quadrant  of  altitude.  Instead  of  a  strip  of  thin  flexible  brass,  he 
makes  it  of  a  more  solid  construction.  It  is  fixed  to  a  brass  socket,  and  made 
to  turn  upon  an  upright  steel  spindle,  fixed  in  the  zenith,  by  which  you  measure 
altitudes  and  azimuths  with  as  much  accuracy  as  you  do  any  other  arcs.  He 
approves  of  the  common  hour  circle,  and  says,  that  one  of  four  inches  diameter 
may  be  divided  into  720  distinguishable  divisions,  answering  to  two  minutes  of 
time ;  and  if  instead  of  a  Pointer j  an  Index  Stroke  is  used  in  the  same  plane 
with  that  of  the  divisions,  half  minutes  may  be  easily  distinguished.  He  there- 
fore thinks  the  hour  circle  should  rather  be  improved  than  omitted,  as  it  is  upon 
some  globes. 
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To  find  the  Latitude  of  a  Place. 

767.  Bring  the  place  under  that  semicircle  of  the  brazen  meridian  where  the 
divisions  begin  at  the  equator,  and  observe  what  degree  it  is  under,  and  it  is 
tl;e  latitude  required. 


To  rectify  the  Globe  for  the  Latitude  of  a  Place. 

768.  Elevate  the  pole  above  the  horizon  till  its  altitude  is  equal  to  the  lati- 
tude  of  ♦^  '-^^^  and  it  then  stands  right  for  the  solution  of  all  problems  for 
that 
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Tojind  the  Longitude  of  a  Place  from  any  given  Meridian. 

769.  Bring  the  place  to  the  brazen  meridian,  and  observe  the  point  of  tlie 
equator  which  lies  under  it,  and  the  distance  of  that  point  from  tlie  point  where 
the  given  meridian  cuts  the  equator,  is  tlie  longitude  required. 


Given  the  Latitude  and  Longitude  of  a  Place^  to  find  tliat  Place. 

770.  Bring  the  given  degree  of  longitude  to  the  meridian,  and  then  under 
the  degree  of  latitude  upon  the  meridian  you  have  the  place  required. 


When  it  is  Noon  at  any  Place  A,  to  find  the  Hour  at  any  other  Place  B. 

771.  Bring  A  to  the  meridian,  and  set  tlie  index  to  XII.;  then  turn  the 
globe  till  B  comes  under  the  meridian,  and  the  index  will  show  the  hour  at  B. 
If  it  be  not  noon  at  Ay  set  the  index  to  the  hour,  and  proceed  as  before,  and 
you  get  the  corresponding  hour  at  B. 

To  find  the  Distance  of  A  from  B. 

772.  Bring  A  to  the  meridian,  and  screw  the  quadrant  of  altitude  over  it, 

w 

and  carry  it  over  jB,  and  you  get  the  number  of  degrees  between  A  and  ^,  which 
multiply  by  69,2,  the  miles  in  one  degree,  and  you  have  the  distance. 

To  find  the  Bearing  of  B  from  A. 

773.  Rectify  the  globe  for  the  latitude  of -4,  and  bring  it  to  the  meridian, 
and  fix  the  quadrant  of  altitude  to  it ;  then  direct  the  quadrant  to  i?,  and  the 
point  where  it  cuts  the  horizon  shows  the  bearing  required.  • 


To  find  the  Place  A  to  which  the  Sun  is  vertical  at  any  Hour  of  tlie  Day ^  at  a 

given  Place  B. 

774.  Find  the  sun's  place  in  the  ecliptic,  and  bring  it  to  the  meridian,  and 
mark  the  declination  j  then  bring  B  to  the  meridian,  set  the  index  to  the  given 


S5S  ON   THE   USE   OF   THE   CELESTIAL   GLOBE. 

Given  as  before^  to  set  tlie  Globe  so  that  the  Stars  upon  it  may  correspond  to  their 

Situations  in  tlie  Heavens. 

783.  The  globe  being  fixed  as  in  the  last  Article,  let  the  meridian  be  set  in 
the  meridian  of  the  place,  with  the  north  pole  to  the  north ;  then  will  all  the 
stars  upon  the  globe  correspond  to  their  places  in  the  heavens,  so  that  an  eye 
at  the  center  of  the  globe  would  refer  every  star  upon  its  surface  to  the  place  of 
the  star  in  the  heavens.  By  comparing  therefore  the  stars  in  the  heavens  with 
their  places  on  the  globe,  you  will  very  easily  get  acquainted  with  all  the  stars. 


To  find  the  Time  wJien  any  of  the  heavenly  Bodies  rise^  setj  or  come  to  the  Afe- 

ridian  ;  also  their  Azimuth  at  rising  or  setting. 

784.  Every  tiling  remaining  as  in  Art.  782,  turn  the  globe  till  the  given  bo- 
dy comes  to  the  eastern  part  of  the  horizon,  and  the  index  shows  the  time  of 
its  rising ;  bring  it  to  the  meridian,  and  the  index  shows  the  time  of  its  coming 
to  the  meridian ;  lastly,  bring  the  body  to  tlie  western  horizon,  and  the  index 
shows  the  time  of  its  setting.  When  the  body  is  in  the  horizon,  the  arc  upon 
the  horizon  between  it  and  the  north  or  south  will  give  its  azimuth.  If  you 
thus  find  the  time  of  the  sun's  rising  and  setting,  you  get  the  length  of  the  day. 
If  you  turn  the  globe  about  its  axis,  all  those  stars  which  do  not  descend  below 
the  horizon  in  a  revolution,  never  set  in  that  place  j  and  those  wliich  do  not 
come  above  it,  never  rise. 


To  explain^  in  general^  tlie  Alteration  of  tJie  Length  of  the  DaySy  and 

Difference  of  the  Seasons. 

785.  Put  several  patches  upon  the  ecliptic  from  Aries  both  ways  to  the  two 
tropics ;  and  then  the  globe  being  rectified  to  the  latitude  of  the  place,  turn  it 
about,  and  you  will  see,  for  north  latitudes,  that  as  tlie  patches  approach 
the  tropic  of  Cancer,  the  corresponding  diunial  arcs  will  increase ;  and  as  the 
patches  approach  the  tropic  of  Capricorn,  the  corresponding  diurnal  arcs  will 
decrease  ;  also,  the  former  arcs  are  greater  than  a  semicircle,  and  the  latter  less* 
and  the  patch  in  the  equator  will  describe  a  semicircle  above  the  horizon. 
Therefore  when  the  sun  is  in  the  equator,  days  and  nights  are  equal ;  as  he  ad- 
vances  towards  the  tropic  of  Cancer,  the  days  increase  and  the  nights  decrease 
till  he  comes  to  that  tropic,  where  the  days  are  longest  and  the  nights  shortest  • 
then  ^es  the  equator,  the  lengths  of  the  days  duninish  and  those  of 

thf  *Henhe  comes  to  the  equator,  there  will  be  again  equal 
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days  and  nights.  Then  as  he  advances  towards  the  tropic  of  Capricorn,  the 
days  diminish  and  the  nights  increase,  until  he  comes  to  that  tropic,  where  the 
days  are  shortest  and  the  nights  are  longest ;  and  then  as  he  approaches  the 
equator,  the  days  increase  and  the  nights  decrease,  and  when  he  comes  to  the 
equator,  the  length  of  the  days  and  nights  are  equal.  Whatever  be  the  latitude 
of  the  place,  when  the  sun  is  in  the  equator  the  days  and  nights  are  equal  in 
length.  To  an  inhabitant  at  the  pole,  the  sun  will  appear  to  be  half  a  year 
above  the  horizon,  and  half  a  year  below.  To  an  inhabitant  at  the  equator, 
the  days  and  nights  will  appear  to  be  always  equal ;  also,  all  the  heavenly  bo- 
dies will  be  found  to  be  as  long  above  the  horizon  as  below.  At  the  arctic 
circle,  the  longest  day  will  be  found  24  hours,  and  the  longest  night  of  the  same 
length  ;  this  appears,  by  rectifying  the  globe  to  that  latitude,  and  putting  the 
patch,  first  at  the  tropic  of  Cancer,  and  then  of  Capricorn.  Lastly,  it  will  be 
found  that  all  places  enjoy  equally  the  sun  in  respect  to  time,  and  are  equally 
deprived  of  it,  the  length  of  the  days  at  one  time  of  the  year  being  exactly  equal 
to  that  of  the  nights  at  the  opposite  season.  This  will  appear,  by  putting  a  patch 
upon  the  ecliptic  at  equal  distances  on  each  side  of  the  equator. 


To  find  the  Latitude  and  Longitude  of  a  given  Star  ;  alsoy  the  Distance  of  two 

Stars. 

786.  Bring  the  solstitial  colure  to  the  meridian,  and  fix  the  quadrant  of  alti- 
tude over  the  pole  of  the  ecliptic ;  then  turn  the  quadrant  over  the  given  star, 
and  the  arc  contained  between  the  star  and  the  ecliptic  will  be  the  latitude^ 
and  the  degree  on  the  ecliptic  cut  by  it  will  be  the  longitude.  The  distance 
of  two  stars  may  be  found,  by  laying  the  quadrant  of  altitude  over  both,  and 
counting  the  degrees  between. 


To  explain  the  Phcenomena  of  the  Harvest  Moon. 

787.  Rectify  the  globe  for  any  northern  latitude,  for  instance,  that  of  Lon- 
don ;  and  as  the  moon's  orbit  makes  but  a  small  angle  with  the  ecliptic,  let  us 
suppose  the  ecliptic  to  represent  the  moon's  orbit.  Now  in  September,  when 
the  sun  is  in  the  beginning  of  Libra,  the  mooji,  at  its  full,  is  in  the  beginning 
of  Aries ;  and  as  the  mean  motion  of  the  moon  in  its  orbit  is  about  IS''  in  a  day, 
put  a  patch  on  the  first  point  of  Aries,  and  another  at  the  distance  of  13°  from 
it ;  bring  the  former  patch  to  the  horizon,  and  then  turn  the  globe  till  the  other 
comes  to  it,  and  the  motion  of  the  index  will  show  about  17  minutes,  which  is 
the  difierence  of  the  times  of  rising  on  two  successive  nights  at  that  time. 


•• 
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790.  Since  the  time  of  Senex,  no  new  globes  have  been  made  of  a  large  size. 
Messrs.  W.  and  S.  Jones,  Mathematical  and  Philosophical  Instrument  Makers 
in  Holborn,  London,  have  prepared  a  very  fine  set  of  new  globes  of  18  inches 
diameter,  containing  all  the  latest  astronomical  and  geographical  discoveries. 
The  places  upon  the  terrestrial  globe  are  all  laid  down  by  an  eminent  Geographer, 
with  their  names  in  English  j  and  upon  the  celestial  globe  there  are  about 
6000  stars  very  accurately  laid  down  for  the  year  1 800,  from  the  best  observa- 
tions; to  which  are  added,  many  clusters  of  stars,  and  nebula?,  with  the  figures 
of  the  constellations.  Hie  stars  are  marked  with  Bayer's  and  M.  de  la  Ca- 
iLLE*s  letters.    Tliese  globes  will  be  a  veiy  valuable  acquisition  to  the  public. 
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monly  called  laup'^ear.  In  our  calendar,  this  day  is  added  every  fourth  year 
to  the  end  of  February.  This  civil  year  immediately  came  into  use  throughout 
All  Europe. 

792.  But  time  showed  that  this  corrcfcnonWas  not  so  perfect  as  it  was  ^tA 
thought  to  have  been ;  for  it  was  found  that  the  equinoxes  and  solstices  hap> 
pened  earlier  by  some  days  than  they  did  in  sbn^y  former  distant  years ;  and 
more  accurate  observations  of  the  sun  discovered  tliat  the  true  tropical  year  was 
not  SQ5d.6Lh\i.t  3&5d.5k.f8'.  4k*.  l^h'c  tropical  jesryfas  tiiere&re  thought 
to  be  longer  than  it  really  was  by^li'.  12%  which'  iti  about  129  years  wcmid 
amount  to  a  whole  day,  and'c^use  ihe  equinoxes  to'£(lI  soouer  by  one  cUiy. 

793.  Pope  Gkegoby  "XlH,  tlierefore  ^t  about  the  correction,  ftom  a  desire 
that  the  moveable  feast  of  Easter  sh<^u1d,  happen  as  nearly  as  picHtnbie&t  the 
same  times  of  tlie  yew  respectively,'  with  those  at  which  it  had  ficfei^kcrpt  fox 
some  years  afler  the  general  Council  6i  Nice,  'which  was  holden'ifi  tht  year 
A2S.  But  this  could  not  be  corrected  without  affectirig^tbe  ciVil  year  in  such  a. 
manner,  that  the  vernal  equinoi)^  should  then,  and  at  all  future  times,  ikU  on, 
or  as  near  as  possible  to,  March  21,  as  it  did  at  tliat  general  CotVncil,  but 
wliich  had  then  anticipated  by  lO  days.  For  this  purpose,  lie  causeil'lO  days 
to  be  dropped  in  .October  1582,  and  by  tliis  mean^  the  vernal  equinox  was  re* 
stored  to  March  21.  And  having  consulted  with  the  Astronomers,  he  ordered 
jUiat  three  successive  centenary  years,  which,  according  to  tlie  JuSan  accountt 
would  have  been  bissextiles,  should  be  common  years,  but  that  every  fourth 
centenary  year  should  be,  as  it  otherwise  would  have  been,  a  bisseJiHIe  year. 
By  this  means,  the  difference  between  the  civil  and  tropical  accounts  for  tht 
^Mce  of  400  years  will  not  differ  so  much  as  two  hours,  and  wilt  not  amount  to 
a  whole  day  in  less  than  5082  years,  at  the  end  of  which  time  it  will  be  neces^ 
saiy  to  make  a  correetion  for  this  day.  The  civil  year  thus  corrected  took 
place  in  most  parts  of  Europe  man^  years  ^o,  but  it  did  not  take  pUce  in 
England  till  the  year  1 752,  at  which  time  a  coirroctii^n'  of  1 1  days,  which,  as 
will  appear,  then  became  necessary,  were  appllied,  and  so'iiikny  dayrwere  taken 
from  September,  the  tkird  day  of  t^t  month  being  called  the  Jburltmik.  jhis 
H  called  by  us  the  New  Shfle^  a;id  that  in  use  before,  or  the  JuHan  account,  is 
catted  the  Old  Style.  As  &ap-year  happens  every  fourth  yeaij  ttnd'eveiy 
hundredth  year  was  a  lean-year  iutheyu&in  account,  therefore  every  year  which 
is  divisibte  by  4,  became  a  feip-yesir.  '  Now  these  centenary  years,  which,  in 
the  Grej^orian  account,  are  not  to  be  leap-years^  are  1700,  18O0,  1900,.  2100, 
2200,  2300,  2500,  '2fio6,  2T^,  &c.  thwefore  atfthe  year  1700  happened  be- 
tween tlie  time  o^  tlu:  correcUdaby  Grcgokt,  dnd  that  made  by  us,  the  Ore- 

ion  account  bad  left  out  one  &y  in  thiai  year  which  the  Jif/uin  had  not }. 

irelbre  the  Grpgwian  account  havii^,  at  tiie  time  it  took  place,  left  out  10. 

^er^^^d  to  leKve  out,  11  days  to  bring  our  account  to  agree  withi 
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794.  Amongst  different  nations,  the  beginning  of  the  year  varied,  as  well  sA 
the  length.  .  Hie  Jews  began  their  ecclesiastical  year  with  the  new  moon  of  that 
month,  whose  full  moon  happ^nqd  next  after  the  vernal  equinox.  The  Church 
of  Rotne  begin  their  year  qq^t^p  Simday  that  falls  upon  the  said  full  moon,  or 
that  happens  next  after  it ;  pr  on  Easter  Sunday.  The  Jews  begin  their  chil 
year  with  tlie  new  moon  ji^bich  has  its  full  moon  happening  next  aftw  the  aii* 
tumnal  equinox.  The  Qreciam  began  their  year  witli  the  new  moeaVwhich 
happened  next  after  the  summer  solstice.  The  Rwnans^  according  to  Plu« 
TARCii,  began  their  year  at  March,  from  the  time  of  Homulus  td  NtJMA,  who 
changed  tlie  beginning  to  January.     Romulus  n)ade  tlie  year  consist  of  only 

^en  months,  as  appears  from  the  name  of  tlie  last,  December  j  or  the  tenth  month ; 
and  ^\9Li  March  was  the  firsts  is  evident,  Jl^ecdiMse  they  called  the  fifth  from  it 
QubifiUSj  the  sixth  SextUiSj  and  the  rest  in  their  order.  Moreover,  it  is  very 
reasonal^  to  think  that  March^  dedicated  to  MarSj  would  stand  first;  and 
that  ApVp.  which  b^s  its  name  .from  Aphrodite^,  or  Venus^  .would  stand  second. 
AlthQUgh  9onie,  as  Plutarch  observes,  think  it  cqmes  from  aperhrej  to  open; 
that  being  the  time  when  tlie  blossoms  begin  to  Open.  Tlie  first  month  of  the 
Egyptian  year  began  on  our  August  29. .  Tlie  Arabic  and  Turkish  year  began 
on  July  16.    The  ancient  Clergy  made  March  85,  the  banning  of  the  year. 

795.  The  fi^t  djivision  of  ^he  civil  year  is  into  civil  months,  of  whiclr  dieie 
are  twelve.  Tliese  cannot  be  of  an  equal  length,  because  the  number  of  days 
in  a  year  is  not  divisible  by  12.  l^ere  are  therefore  in  every  year,  seven  monlJis 
of  31  days  each,  four  of  SO  days  each,  and  in  the  common  yesj^mte  of  28  days, 
but  which  contains  29  in  every  leap-year.  These  are  .the  months  whic^- Me 
formed  for  civil  purposes.  But  the  ^ace  of  28  days  i^.  also  caUed.'jainondi,'0nd 
it  is  by  the  division  of  this  into  four  equal  parts>  that  the  year  is  subdivided  in- 
to Weeks.  A  week  tlierefbre  consists  of  seven  days.  Hence  a  common  year 
consists  of  13  of  these  monthly,  or  53P weeks,  and  1  day,  and  a  leap-year  of  the 
same  and  two  days. 

796.  Hie  days  into  which  the  civil  year  is  divided  are  called  Natural^  and 
co^itain  24  hours.  But  there  is  a  day  called  Ar^icial^  which  is  the  time  from 
sun  rise  to  sun  set.  Tlie  natural  day  is  either  astronomical  or  dvil.  The  astro- 
nomical day  begins  at  noon.  Tlie  British^  FrenclL,  Dutch^  Germa^is^  Spaniards^ 
Portuguese  J  and  Egyptians^  begin  the  civil  day  at  midnight;  the  ancient 
Greeks y  Jews,  Bohemians^  and  Silesians^  began  it  at  wn*setting,  as  do  the  mo- 
dern Italians  and^  Cfiijiese ;  and  the  ancient  BabjflofiianSy  Persians^  Syrians^  with 
the  modem  Greeks^  at  sun-rising.  A  natural  dijy/  i^  divided  into  24  equal  parts^ 
called  Hours;  these  hours  are,  by  almost  all  i\atjions,  divided  into  60  equal 
parts,  called  Minutes^  and  these  subdivided  intq.eQ  equal  parts,  called  &coRd!r, 
djv.  But  the  *  Quddeans^  and  Arabi^m^  diyicjed  the  hour  into  1080  equal 
partS) 
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•  ^d7.  A3  Astronomers  begin  their  computations  of  the  motions  of  the 
keavenly  bodies  from  some  fixed  points;  so  there  are  certain  points  of  time 
from  which  liistorians  begin  to  reckon.  These  {>oints  of  time  are  called  Epochs^ 
or  jEraSj  and  generally  arise  from  some  remarkable  event.  ITie  first  j^ra  is 
the  Creation  of  tke  WorM.  Historians  difier  a  HttleUn  their  estimation  of  this 
time>  making  it  from  3950  to  about  4000  yeart  before  Christ.  The  Mra  of 
the  Ohffnpiads  is  the  most  famous  of  the  profane  ones,  which  is  placed  776 
years  before  Christ,  and  from  which  iht  Greeks  reckoned.  The  JEra  of  the 
Building  of  Rome  was  752  years  before  Christ,  which  the  Romans  used.  Tlie 
^ra  of  Nabokassar  was  747  years  befi>re  Christ,  from  Which  time  the  Chal^ 
deans  and  Egyptians  reckoned  tlieir  years.  The  JEi^a  wfaieh  we  make  use  of 
is  called  the  Christian  JEra^  because  it  b^an  at  tiie  Birtii  ^Christ;  not  indeed 
on  the  very  day  he  was  born,  but  seven  days  after,  for  the  day  of  his  irfativity 
was  on  December  25,  and  w*e  b^n  our  reckoning  froth  ^Januai^'^l,  the 
next  year.  The^  JEru  of  the  Julian  year  was  4S  years  before  tliisi  'When  Jvlius 
Cjbsar  rejected  the  old  Rontan  yeiar,  aiid  ordered  the  Ju&m  year  td'be  ob^rved 
all  over  the  Roman  empire.  The  Turkisk  JEra  is  the  H^girdy  or  Ftigkti^MA" 
HOMBT,  622,  A.c.    The  Persian  JSra  is  called  'YesdegiM^  6Si,  A.d.  ^ 

798.  But  besides  the  measures  of  time  by  Year^j  ^.*  ii'  \i^'  foctnd  conve- 
aient  to  introduce  the  use  of  CycleSylHti^ttBy  a  circUlaiidn  o)P  fifne  between  the 
returns  of  the  same  event.  The  Cycle  igf  the  Sun  is 'b,  space  'of  28  years,  in 
which  time  the  days  of  the  month  return  a^n  to  the  same  days  of  the  week» 
and  the  sun's  place  to  the  same  degrees  of  the  ecliptic  6n  the  same  days,  so  aflf 
not  to  differ  1^  in  100  years ;  and  the  leap-years  return  again  in  respect  to  the 
days  €)€  the  Week  on  which  the  days  of  the  months  fall.  These  things  arise 
from  hence.  If  365,*  the  number  of  days  in  a  common  year,  be  divided  by  7, 
there  remains  1,  which  shows  that  the  last  day  of  the  year  is  the  same  day  of 
the  week  as  the  first.  Now  it  is  customaiy  to  place  gainst  the  sevety  days  of 
the  week,  the  first  seven  letters  of  the  alphabet  A^  jB,  C,  jD,  JB,  >",  G^  placing 
yl  always  against  the  first  day  of  the  year,  and  therefore  as  they  were  cbntiniied 
through  the  year,  it  is  evident  that  the  same  letter  A  must  stand  against  the 
first  and  last  days  of  the  year.  Hence,  if  this^^/  of  January  be  a  Sunday y  md 
A  stands  against  it,  then  will^^  pdint  out  every  Sunday  in  tliat  year.  B^t  as 
the  first  day  of  the  next  yeaf  will  be  oif  a  Monday j  against  which  A  is  placed, 
G  will  stand  against  the  first  Sunday,  and  conseq'ilently  against  every  Sunday 
in  that  year.'  For  the  same  reason,  as  the  first  da;^  of  the  next  year  is  a  7ues^ 
day  and  marked  with  an  ^;  P  vrill  dtah^*kgainst  et^iy  Sunday  in  the  y^ar ;  and 
so  on.  Th^efore  the  Sunday 'Letters  will  come  dii  in  a  rcytrograde  order,  A 9  6r, 
jF,  JB,  Z),  C,  By  in  the  successive  years;  hence  these  are  called  Dominical  let- 
ters. This  would,  be  the  case  if  all  the  years  were  of  365  days ;  but  in  Legpi^ 
l^or  there  are  86Cf  days,  and  the  additional  day  tlius  taken  is  marked  w^ith  the 
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same  letter  m  order  that  A  may"  W  the  laMrldtter  of  the  ycte/  vrhi^  iMK^wsaiily 
throws  the  Sunday  letter  on^liltt^  iMHi  ftr  &e  rest  of  die  ynf*  "  H^nce,  ip 
every  leap^y^  t^ere  ai^-  titb  'SSHiMcA  ktii^i.  As  theralbre  the  reguliws^haiige 
of  the  Sunday  letter  wfik^H^SfiU^  6&%tiis#Mftif9etedrfo  aereii^yeaffftyjad^ 
iirterraptfed  every  fbtif^Te^^^^lfoW  cllMg|6  witfefiot  bd  txuftidi^ted  ii^leas  than 
7  X  4',  or  ^yearst^^'B^lhfe^Wlf^W  y^rii^thne^  imerruffted)  Ynicm^WWf  Ihree 
elbhtenaixyears  out  ibf '"^f^^re  Mt  IjMiJ^yeirt^  o  The  doiMiksifl  kttMfhfMWyer 
flteiy  W  found  by ^T^le^Tr^gi>¥n  b^  Mr; f^ftoncw  fiiTKIVeiy 

^  yearoffheiNrrtr5/j^tofh#y^r4()»)  Tft^yeO'of  our  Saviour's,  bjrtbbrwfi  (ho 
mntK  of  tlHs  c^te  i'  th€f^W^ liifditfr^^^  cyc)e,/add  ».to  A^r  year 

Hiid divide  the  sunK<bj^'28/and^ih^^tldti%M dhdws the numfaerofi cydeg'^e^pfled 
dhiee  his  birth)  iind  the  remaiMe^^s  the^«y«|e^  ftv  the  year)  if  nothing  iteafiauis, 

'1991  -^mr't^le'qfn^'  Jlftm?^  feitietiftiei^'^allcfd'  iik&^Metmk  Cycb  from  the 
Hkvef!^^  Ik'ttm^^y^'ti^^iM^tiof^^^^  the  .cqdjiHiGtioiis, 

^o^dAif,ia¥i<f'm'Mfi^i^  nto«Siv'ratAni  on.  the  oamiBdi^  of  the 

Jm1^\Wmeie^  The-ancienta 

ibrmed  iHi^  iij^k^'^^tkh.  '-^^ikxiSg^^  *yeB»<fb^«he{£yclei  t^ey  obMrvdd  aH  the 
d^y9 'mrWi9i^ lits^W^ttKX^ ^ppened  thraiigh  the  year,  and  against .  oa^h 
Mi^h  day  ^he^^pli^^^  ti  in  4he  seeoild  yeai^  of  th^  oyele  the^<4ia 

th«e  smf^  pla^^tfj^^iHinS^^"^;  'Md  proceeded  in  Hke  manneif  throtigfa*  the 
cyele  at  1^9  yeiirs^''TM^'Beh%'  d^ne  foi"  bnfe  i^ele,  the  same  numbeni  wiercr 
fltted  to  the  catendalr^lo  6lH>^  the  new  tn6onain  everyiiilnro cy^le*;  and^^^iyott 
<ieeount  of  thfeif  "exiiii^nt  lisb,  th^  were  written  'in  6a&^  atod  ftom;  dMneo 
Called  Golden  Nmnbeif^.  Biit  tike  difib^ence  c^*abool  ti^houiifl.l0.yean4n' 
creases  to  a  wfh^Ie  day  vti  aboiil  S12  yeiu^,  so  that  thir  cycle  can  oflfy  hold  for 
Ihafc  time.  For  as  the^new^an^  full  moons  anticiplate  ia  day  in  that  tkne^^.the 
Gold  to  NciAnberi  ought  ^  tJ^^^  placed  one  dsi^  earlier  in  Ihe  calendar  for  the 
ftext^  »I2^^ears  tot^om^i-'^'  It  #a;9  thought  pr<^r  hdwever  to  make  thia  correct 
fioii  aiUie  enddf  whol^ci^turfes^'M^tdingly  tiiey  put  the  new  sioott  forward 
Mfi'day  iit  the  end^eskrh  SO&^eafsfof  seven  times  sue^essiv^y,  which  aMkeH 
tViO^y^n^^^  aceouhi  f6r  Vtii  odd  lil^l.year^,  they  deferfesl fMtttfig  «ho 

Ittoon  forward  to  tfie^^end  oi^^-KX)  year9>  makihg  the  period  0^*8509  f^eeMafS  x 
S1S|.  The  Golden'  Nuffi%er^  «^re'  property  placed  by4;he:eo«)dl/of  ,Nice^ 
if,  i>.  S25^;  the  ItMicipatidii,  -Ht^ich  feftii  Beett  neglected  evet?  sinc^  ill  Bmw  be- 
come almost  five^^'ys,' and  th^ri^e  %U  the  Golden  Numbers  migfcttAoW'to  be 
pificed  #re  dayi^aif^Hfer  in  th^>^«leTfdal^¥bir  thei'CMtf  %fe^  than  they 'weiro  a*  the 
abo¥e-mentioned  Cot^il;  dr^ix  dsiy's  iOwieri^itbBtJYAi;.^^  /^(BM.-betttasisi 
the  lunar  cycle  of  19  years  ^ombtimes  includes  five  leap^yeavs  andriiemotimea 
fbuf,  it  is  impossible  to  have  a  correct  Tabfo^' of  >di  the  ^  mnnbif»r  nidiessit  be 
extended  to  four  times  19,  or  t&yew^,  i«  wMdii  th^rt  af«  l^JteUfHyeM^  ipi^ 
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Hiit  a  remainder*  Aodtn  tittis  case  it  must  bo  adapted  to  the  Qld  St/Ie,  because, 
in  eve^  eentenary  year  not  divi^iWb  Ir^  4<,  the  singular  course  of  the  leap-yeas' 
is  interrupted  in  tiie  New  Style.  TaUi»  II.  (ff<ym  «^  ^^*  Fjejmusojn)  shows  the 
6oi£^  JV'fmiAfr  from  the  Ci^^  . 

800:  The  Epa^t  is.>tfae  mooti!s  age  in  days-^t  ^  b|eginnjng  of  the  year»  Let 
a  new  moon  happen  cin  January  1, .  then  die.  Efcu}t-s»  nothing.  Now  as  12  lu* 
nations  kra^^ooipletedin  SM  daya»  it  is  plain  t|iiitt  .^e  e^i^^t^  or  mpon's  age 
wbuM%^ivj('M'thebeginning.of  the  second,  ycj^i^^  of  i)^ 

thirdjr'^sutidtss^^iiie  b^^ittning.  of  iibe  fpKMrth-  3ut  as  on^.lunatk>a  \&  neyer 
more  than  "29.}' days,  the  epact  must  always  be^ilfess  than  QOy  ijie/efor^  subtr^ 
ing  SO'fromS^^hef 6  remains  3  jfor.  the  cpf^ct  for  (he  fourth  year.  .^  Apd-by 
proceeding  thus  fi>r  19  years  th0  t^a^ts  will 'stand  thus,  P>^lf;R3f  AJ4i.'^r^^> 
17,  28,  9,  20,  1,  12,  2S,  4,  15,  36,  7, 18,  Oj  in  the  nineteenth  J^»t^fe'^^%f 
ence  amounts  to  £9:'dayai^  and[.thei^PI9,  |^  moiith  vt^ch  i»  9i^ti;9p|tedc^st 
consist  only  of  29  dsTsiuliirdexittlvf^.tl^  epa^,f^^^  m^,,^ 

new  mMA  filing  then%  on  /ianuafgF  JU  These  j^pSjp^  t^Pg  plac^  «9gAi9^l^  ^9 
days  of  the  months  in  the  oalendw^i^^^wbicl^  the  ngw^mop^s,^  i^  eadi  year, 
zi^ifBt  the  same  pm^sei&i  tite^Golden^Ni^lt^enrf  .yi  9"^  ijl^S|Iial^le  to; be  inter- 
n^ed  every  810  ypazSv^Hrrlheiaame  rea9m)',^:tl^^^^  ipiji^haiiax^.t^n  antid* 
pated  a  whole  day,  and  tfaeiisfiire.oa  the  first  yeapTiOf  ft^e-gri9^i$he  moo^  would 
be  one  day  old  on  the  firstof^  Januaiy  t  therefore  jtbe^epa^  would  be  iiiqreased 
by  1,  and  stand  thus,  i;  I2,;3d,  4s»icc«.  Buit.thiaairangeynent  «wiid  be  inters 
nipted  by  the^oi$aisaofk6f^  the  leap-year  attheend^o^  eyei^.tt^pe  centuries  out 
of  four;  'ifin'  these  year^  being  arday  less  than  by  rth|e  JtdUm^  liccount^  the  new 
moons  wdtild  happen  a  day  later,  and  i  consequently  nudcp ,  th^  epact  one  lestt 
The  moon*s  age  here  supposed  is  that  <^  the  mean,  new  mQ^jp,  and  consequently 
it  does  not  agree  ipnth  die  true  age  <^  IbQ  (ttopg  afi  cooiput^  in  our  JE^oi^e^ 
PIS,  wfaiidi  sometiibea  may  ditiSfic  a.day;;.  «pco)ad|iQg  t^  t^  r\de  therefprerby 
¥4uch^  we'  from  hence  find  Eaateo^  1ib|tffipiativ^  if  nptalf^ji  found  tp  agree 
withr  the  time  deduced  fisom  the  new  M9m^y  *AmV^,  4P9m  m  quf  Aknai^»/:^, 
In^tfae  oorvectipn  of  tfaeBritiah  Gaiendvb  i|^^.^  th^^Q/i^^  911;^: 

tiiig  the  J^act94  and  hare  placed  tbe  Qc^d^  i^^pipt^er^,,  a^t  against  ^  d^ya 
of  the  new  ttuxm^^  but  ofi  tUb  fyUynoons,.  ^nd^rjydy^  agsjiiu^  the  full  m;opns  in 
the  paseh^inentfas^'Muxikao^ 

8(Mi  The  Jltific/faskaxsyde^of  4^.  If^^f^^y}^ ]^Wh^ ^  4?pe;idance /^n the 
motibnof th^  jieavenlybiddiesL.:  It  W9s'used  by  1^  j]^ma|ia/qr  indi^^  tl}^ 
tia&eft' of 4sertain  paymetate,  Mide.  byi.the.^^jec^s  tp.tii^lRepuUic,  and.wfis 
estabhahed  by  CQ(](isTANTiNB'in:4he  fpv  A\flf  ^^jiH^y  it  vi^. confined  to  15  ye(^ 
01'  ujtom  wiiht  occasion  it  wa^  instituted ,  is  npjtr^Kjiio wq«^    ^      ^ 

809«  From  the  nndtiplicalion^oC  the  ifo/i^r.cyQle  of  ^^  years  into  \h^.  Lunar 
^19BX^'Jndkthnoo{  ISj,  arises  th?  /14/^jperiod  of.  7980. years,  iijt  which 
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time  they  all  return  again  in  the  same  order.  Now  tlie  Dionysian^  or  vulgar 
fl&ra  of  Christ's  birth  was  at  the  end  of  the  year  of  the  Julian  period  471^,  and 
therefore  the  first  year  of  his  age  W£is  the  4714th  year  of  the  said  period. 
Therefore  if.  to  any  year  of  Chbibt  we  add  47139  it  gives  the  year  of  tlie 
Julian  period ;  or  subtract,  for  any  time  be/bre  Christ.  The  year  of  our 
Saviour's  birth,  according  to  the  vulgar  ttra^  was  the  nintli  of  the  Solar  Cyclcj 
and  the  first  year  of  tlie  Lunar  Cycle.  Hence,  to  find  at  any  time  the  year  of 
the  Solar  cycle,  add  9  to  the  given  year  and-  divide  the  sum  by  28,  and  the 
quotient  is  the  number  of  cycles  elapsed  since  his  birth,  and  the  remainder  is 
the  cycle  for  the  given  year,  and  if  nothing  remain,  the  cycle  is  28.  And  to 
find  the  Lunar  cycle,  add  1  to  the  given  year  of  Christ  and  divide  the  sum  by 
19,  and  the  quotient  is  the  number  of  cycles  elapsed  firom  the  time  of  Christ^ 
and  the  remainder  is  the  cycle  for  the  given  year,  or  the  Golden  Number,  and 
if  nothing  remain,  19  is  the  cycle.  Tlie  812th  year  after  the  birth  of  Christ 
was  the  first  of  the  Romaii  Indiction;  subtract  therefore  312  firom  the  given 
year,  and  divide  the  difference  by  15,  and  what  remains  is  the  Indiction  for 
tlie  given  year,  and  if  nothing  remain,  the  Indiction  is  15. 

803.  The  Cycle  of  Iktster J  cMed  9}soihe  Dionysian  period,  is  the  product 
of  the  Solar  and  Lunar  cycles  of  28  and  1 9  years  s  532  yeairs.  If  the  new 
moons  iiid  not  anticipate  upon  this  cycle,  as  in  Art  799.  Master  Day  would 
always  be  the  Sunday  next  afler  the  first  full  moon  which  follows  March  21. 
But  on  account  of  tiiat^  before  the  alteration  of  the  Style,  the  Ecclesiastical 
Easter  happened,  within  this  last  century,  a  week  difierent  firom  the  true  Easter. 
But  this  is  now  remedied  in  th^  Omman  Prayer  Booky  by  making  the  Table, 
which  used  to  find  Eastet  Jor  every  of  no  lottger  use  than  dbie  lunar  di& 
Jsrence  will  admit  of. 

804.  Hie  earliest  Easter  is  March  22,  and  the  latest  is  April  25  \  for  Easter 
Sunday  is  always  the  first  Sunday  after  the  full  moon,  which  happens  upon  or 
next  after  March  2\.  Within  these  limits  there  are  35  days,  and  the  number 
belonging  to  each  19  cs^Ued  the  Number  qf  Direction.  To  find  this  number, 
take  the  Dominical  Letter  for  the  given  year  firom  Table  I.  and  firom  Table  II. 
take  out  the  Golden  Number ;  lasdy,  with  these  enter  Table  IIL  and  you  get 
the  Number  of  Direction^  which  added  to  March  21,  gives  the  day  oi  Easier 
Sunday.  Thus  it  appears  tkat  the  Gddea  Number  for  1757  is  lO,  and  the 
Sundisby  letter  is  J3;  hence  the  Number:  qf  Direction  is  20,  which  added  to 
March  21,  gives  April  10,  for  Easter  Sunday  ths^  year.  In  Leap^YeoTy  there 
are  two  Domimcal  Letters^  the  first  of  which  takes  place  before  F^bruaiy  29» 
and  the  last,  for  the  following  part  (X  the  year» 
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THE  GOLDEN  NUMBER 
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TABLE  ni. 

SHOWING 

THE  NUMBER  OF  DIRECTION, 
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This  Table  is  adapted  to  the  New  Style. 
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